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  The DaThe Dane ene e++ee-- collider collider

- Collisions at c.m. energy around the  mass: s ~ 1019.4 MeV
- Beam crossing angle α CRS∼  -0.025 rad

 momentum in lab. syst.  p ~ 13 MeV/c
- Cross section for  production @ peak: σ ~  3 b

- End of Kloe data taking (2006) luminosity : LPEAK ~ 1.41032 cm-2 s-1

Main  
decay mode

BR, %

K+K- 49.1

KSKL 34.0
 15.4

 1.3
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The KLOE detectorThe KLOE detector

Beam pipe (spherical, 10 cm ∅,  0.5 mm thick)

Drift chamber (∅=4 m, L=3.3 m)
90% He + 10% IsoB,  X0=900m, ~2600 s.w.
(pt)/pt~ 0.4% ;  hit∼ 150 m (xy),    
~ 2 mm (z) ;   vertex ~ 1 mm

Electromagnetic calorimeter
Lead/scintillating fibers  4880 PMT’s
E = 5.7% /√E(GeV)
 t = 54 ps /√E(GeV) ⊕ 100 ps
L() ~ 1.5 cm ( from KL → )

Superconducting coil  B = 0.52 T
6 m

7m
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  KLOE data takingKLOE data taking

KLOE data taking ended on march 2006  

∫ Ldt ~ 2.5 fb-1  ~ 2.5 109  KSKL pairs
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Neutral kaons @ KLOENeutral kaons @ KLOE

 KLOE provides monochromaticmonochromatic  (p=110 MeV/c) and 

purepure  beam of kaons from decay  (J PC = 1 -- ) 

where observation of KS  (KL)  tags presence of KL (KS) 

 This allows: 

- precise measurements (absolute BR’s, lifetimes)

- interference measurements with KSKL system

KS KL ~ 106 events / pb-1
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TaggingTagging

KL tagged by KS π +π -

Efficiency ~ 70% (geometrical)
KL momentum resolution ~ 1 MeV
KL angular resolution ~ 1°

KS tagged by KL interaction in EmC
Efficiency ~ 30% 
KS momentum resolution ~ 1 MeV
KS angular resolution ~ 1°

KKSS  →π→π ++ππ --

KKLL  →→ 2 2ππ 00
KSπ eν

KL crash
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Neutral kaonNeutral kaon

InterferometryInterferometry
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Quantum Mechanics coherence testQuantum Mechanics coherence test

Time evolution obeys a Shrodinger-like eq. with  
H=M-i/2.  In QM we have

where
 
 Value indicates deviation from QM.                                         

Simple QM  f→ 1=f2=  the event distribution as function of t=|t2-t1| 

gives:

initial symmetry requires  no events at the same time (→ t=0).  

t1,2  proper time 
kaon decay into 
f1,2 final state.

KL,S
KS,L 

f
2
 , t

2

f
1
 , t

1

  The K0K0 state from  (JPC=1--) decay is required to be :

∣i 〉=
N

2
∣K Sp  〉∣K L −p 〉−∣K Lp 〉∣K S−p  〉

I  f 1,t1 ; f 2, t2 ~ ∣a1Sa2L∣
2
∣a1La2S∣

2
−21−SLℜ {a1Sa2L

∗
a1La2S}

a1SL=〈 f 1∣T∣K S Lt1 〉
a2SL=〈 f 2∣T∣K S Lt2 〉

decoherence 
parameter

I t ~e−Lte−S t−21−SLe
−LS t /2cosmt 
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  After including resolution, 
efficiency, BKG from coherent 
and incoherent regeneration 
on beam pipe, non-resonant
e+e- → + - +  process,
380 pb-1 analyzed data gives :

I(∆ t) (a.u)

∆ t/S

I t ~e−Lte−S t
−21−SLe

−LS t /2cosmt   Fit function :

S, L, m fixed from PDG ;

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

SL=1.8±4.0stat±0.7syst ×10
−2

0 0=1.0±2.1stat±0.4syst ×10
−6
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 Analyzed data: L=1.5 fb-1 

(2004-05 data)  gives :
  → high sensitivity to 

00
 

Improvement  x 2 wrt published  
result

 

                   S-like            S-unlike

KK produced in a JPC =1 -- state (BR=0.7%)
From  measured asymmetry
A=(Punlike-Plike)/(  +  ) Bertlmann et 
al.  obtains [ PRD60 (1999) 114032 ] :

p p  K 0K0 , K0 K 0 , K 0 K0

0 0=0.4±0.7

CPLEARCPLEAR 

SL=0.13±0.16

4S  B0B0 , B0 B0 , B0 B0

                    SF            OF

From  A = (POF-PSF) / (  +  ) 
Belle obtains 
[ PRL99(2007)131802 ] :

0 0
B
=0.029±0.057

BELLEBELLE 
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KLOE finalKLOE final
SL=0.3±1.8stat±0.6syst ×10

−2

0 0=1.4±9.5stat±3.8syst ×10
−7

[ Journal of Physics: Conf.Series  Journal of Physics: Conf.Series 
171 (2009) 012008 171 (2009) 012008 ]
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at most one expects:

The maximum sensitivity to is expected for f1=f2=

∣2∣=O E
2
/MPLANCK

 ~10−5
∣∣~10−3

∣i 〉~∣K0 〉∣ K0 〉−∣ K0 〉∣K0 〉   ∣K0 〉∣ K0 〉∣ K 0 〉∣K 0 〉

Decoherence and CPT due to QG effectsDecoherence and CPT due to QG effects

In presence of decoherence and CPT violation induced by 
quantum gravity (CPT operator  “ill-defined”) the definition 
of the particle-antiparticle states could be modified. This in 
turn could induce a breakdown of the correlations imposed 
by Bose statistics (EPR correlations)  to the kaon state   

[Bernabeu, et al. PRL 92 (2004) 131601, NPB744 (2006) 180].
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• Analysed data: 1 fb-1  (2005 data)

Fit of  It:

Re  10-2 

Im  10-2 

In the B system  [Alvarez, Bernabeu, Nebot JHEP 0611, 087]:

C.L. 95%at     0100.00084.0 ≤ℜ≤− ω

M.Dreucci    European Physical Society - HEP 2009  16-22 July 2009 Krakow, Poland 

KLOE final :

ℜ=−1.6−2.1 stat
3.0

±0.4syst ×10
−4

ℑ=−1.7−3.0 stat
3.3

±1.2syst ×10
−4

∣∣1.0×10−3@ 95%CL
[ Journal of Physics: Conf.Series  Journal of Physics: Conf.Series 
171 (2009) 012008 171 (2009) 012008 ]
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Ks lifetimeKs lifetime
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  IntroductionIntroduction
- 730 pb- 730 pb-1   -1   (2004 Data)  ;(2004 Data)  ;
- Lifetime from fit to proper time t

0
 

distribution of K
S
→  decay ;

-  position event by event 
  SelectionSelection

- require good tracking fit for 's ;
- |M- MK| < 2 MeV  (~2) ;
- Acceptance cuts to improve vtx resolution ;
- After all cuts  ~25 million decay events →

  Redundant determination of kS momentum :
i) from pion tracks :  pS () ;
ii) by using informations from line of flight and √s :   pS (boost) 

AnalysisAnalysis

Beam axisBeam axis
              zz

KK SS  lin
e of

 fli
ght

line
 of

 fli
ght

ππ −−
 e-

ππ ++

KS

 e+

IPIP
(interaction point)(interaction point)
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z
IP

 –z
IP

MC  (cm) pS() - pS(boost)

    DATA
  - MC

Data-MC comparisonData-MC comparison

zIP resolution 
(typical collision region ~ 3 cm)  KS momentum
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• VTX  position calibration 
correlated with momentum 
calibration

Data after vtx calibration SS//SS
00

• Bias dl depends on    ;
• Calibrated  using 
          
        dp = pS 2

- pS boost

from Monte Carlo

dl = a dp



(c
os

(c
os

 



 c

osco
s 

 KK) 
/2) /
2

VTX position calibrationVTX position calibration




K 
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Time resolutionTime resolution
Improve time resolution 
with a geometrical fit: 
K

S
direction fixed, free 

parameters are IP position 
and decay distance, d

K
S

VTX
Beam axis, z

d

IP

tt00 – t – t
MCMC(ns)(ns)

beforebefore

Proper time resolution on MCProper time resolution on MC

afterafter

tt00 – t – t
MCMC(ns)(ns)


1
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Proper time FitProper time Fit

•  Results as function of KS direction (different resolutions) ;
•  Fit range: 18 bins from -2 to +7  

S 
 ;

•  Resolution described by two gaussians ;
•  5 parameter fit :  

S
 + 4 parameters describing resolution 

A single bin 
fit

t
0
/

S

entries

Fit rangeFit range


KK

coscosKK //
SS
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2/dof=8/13

Lifetime obtained from a weighted average on 270 independent fits
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Goodness of FitGoodness of Fit

dof = 13



DataData
expectedexpected

• The distribution of 2  
from each fit to data  is 
compared with the 
expected distribution.

• Few bins at the border 
of the FV have bad 
probability  variation of →
the result by 6xx10-4 
(included in the systematic 
error)
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Source Source                           fractional valuefractional value   x10x104 4 

- selection cuts :       3.3    
- cos 

K  
FV cut    5.7   

- Kaon mass :             0.4   
- fit range :               5.0   
 
    
     KsKs = ( 89.56  = ( 89.56 ±± 0.03 0.03

statstat  ±± 0.07 0.07
systsyst)) ps ps

Result and systematicsResult and systematics

preliminary

preliminary

Systematic errorsSystematic errors
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Updated results on KUpdated results on KSS lifetime  lifetime 
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New world average → SS= = 89.59 89.59 ±± 0.04 0.04 (ps)   (ps)   ( 4.6x10 ( 4.6x10-4  -4  ))

(PDG(PDG0808 =  = 5.6 x 105.6 x 10-4 -4 ))

prel
iminar

y

prel
iminar

y

KLOEKLOE

preliminarypreliminary

S (ps)

preliminarypreliminary
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ConclusionConclusion

- Many KLOE measurements have been refined 
and finalized with full statistics ;

- KLOE performed the best QM test with 
interferometry ;

- New preliminary result on Ks lifetime: good 
agreement with recent measurements ;

- Neutral kaon interferometry, CPT symmetry 
and QM tests are one of the main issues of the 
KLOE-2 physics program (see Gauzzi talk). 
Limits on the parameters for these specific 
issues can be improved by a factor of ten.
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SPARESSPARES
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Test from KL-crash (Data)Test from KL-crash (Data)

(deg)

By using  KL-crash position and time we perform a test for 
KS direction as derived from pions  (angular deviation)
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2d

   DT
- MC

dpdp
MCMC (MeV) (MeV)

dkpro dkpro 
(cm)(cm)
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Vertex calibrationVertex calibration
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EfficiencyEfficiency

  

cos 
K

tt00//
SS
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KLOE-2KLOE-2
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