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üTime evolution of the ὑᴾὑ  system  in the rest frame: 
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ü In the basis of the CP operator: 

ȿὑ  ȿὑ  ȿὑ  (CP = 1) 

ȿὑ   ȿὑ  ȿὑ  (CP = -1) 

ü The eigenstates of H:  
 
|KS >  (t Ѐ πȢω ɇρπ-10 s; ct = 2.68 cm) 
|KL >  (t Ѐ υȢρ ɇ ρπ-8 s; ct = 15.5 m) 
 

ü The main hadronic decay  modes: 
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ü But KS and KL are not CP eigenstates: 
   
 BR(KL ­ p+ p-) = 1.97 ɇ 10-3 

 BR(KL ­ p0 p0Ɋ Ѐ ψȢφυ ɇ ρπ-4  
 

(J. Beringer et al. (Particle Data Group), Phys. Rev. D86, 010001 (2012) ) 
ü CP violation in mixing (ɝS=2): 

 
 
           Ⱡ▼ Ё Ⱡ╛ ᵼ CPTV 
 
 

 
ü CP violation directly  in the decay (ɝS=1): 

 
     ȿὑ ᴼς“ȟ  ȿὑ ᴼσ“ 
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ü We can define the following  amplitude ratios (assuming the  CPT invariance): 
 
 

ʂ
““ Ὄὑ

““ Ὄὑ
‐ ‐              ʂ

““ Ὄὑ

““ Ὄὑ
‐ ς‐ 
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üThese parameters can be measured using the interference between ὑ ᴼ““  

and ὑ ᴼ““ decay: 
 

ὔ  ͯ  Ὡ ʂ Ὡ ςʂ ÃÏÓЎάϽὸ • Ὡ   
 
 ʂ  = (2.232   0.011)Ͻ 10-3 ;  •  = (43.51  0.05)o  

 ʂ  = (2.221   0.011)Ͻ 10-3 ;  •  = (43.52  0.05)o  
  
 ( J. Beringer et al. (Particle Data Group), Phys. Rev. D86, 010001 (2012) ) 
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SND (direct search) :                                                          BR(KS ­ 3 0̄ύ ғ мΦп ϊ мл-5 

NA48 (interference measurement):                          BR(KS ­ 3 0̄ύ ғ тΦп ϊ мл-7 

KLOE                                                                                      BR(KS ­ 3 0̄) < 1.2 ϊ мл-7 

Introduction  

ü Previous measurements of ʂ000: 

Standard  Model  prediction:            BR(KS ­ 3ʌ0Ɋ Ѐ ρȢω Ͻ ρπ-9 
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ü In the lowest order of the ʔPT: ‐ᴂ ‐ᴂ ς‐ᴂ 
 

Ὅάʂ πȢππςπȢππωȠ        Ὅάʂ πȢρ ρȢφϽρπ 
 

ʂ  
† ὄὙὑ ᴼσ“

† ὄὙὑ ᴼσ“
πȢπρψ ͽ ωπϷ ὅȢὒȢ 

(F. Ambrosino et al., Phys. Lett. B 619, 61 (2005) ) 

ü For the ȿὑ ᴼσ“ decay modes: 
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The DAFNE ̅ -factory  
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Ç e+e- collider @ ЍÓ Ѐ Mʒ = 1019.4 MeV  
Ç LAB momentum pʒ ~  13 MeV/c  
Ç ʎpeak ~ 3 ʈÂ 
Ç Separate e+eɀ rings to reduce  

beam-beam interaction 
Ç Beams crossing angle:  12.5 mrad 
Ç Peak luminosity 1.5Α1032 cm-2s-1 
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DA N̅E Luminosity history  

KLOE Integrated  

Luminosity  

KLOE run:  
Ç Daily performance: 7-8 pb - 1 

Ç Best month ñL dt ~ 200 pb-1 

Ç Total KLOE  ñL dt ~ 2400 pb-1 at ʒ mass peak 
+ 250 pb-1 off peak ( @ 1 GeV) 
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"2ȭÓ ÆÏÒ ÓÅÌÅÃÔÅÄ F 
decays 

K+K- 49.1% 

KSKL 34.1%  

rp +p+p-p0 15.5% 
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e- e+ 

KLOE (K LOng Experiment)  
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Large cylindrical  drift chamber  
Ç Uniform tracking and vertexing in 

all volume 
Ç Helium based gas 

mixture (90% He ɀ 10% IsoC4H10) 
Ç Stereo wire  geometry 
ʎp/p = 0.4 % 
ʎxy = 150 ʈm; ʎz = 2 mm 
ʎvtx ~ 3 mm 
ʎ(Mʌʌ) ~  1 MeV 

 

Lead/scintillating -fiber calorimeter  
Ç Hermetical coverage 
Ç High efficiency for low energy 

photons 
ʎE/E = 5.7% /ÕE(GeV) 
ʎt = 57 ps /ÕE(GeV) Ä 140 ps 
ʎvtx(ɾɾ) ~ 1.5 cm 

 

Superconducting coil  
B = 0.52 T 
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KS tagged by KL interaction in EmC 
Efficiency ~ 30% 
KS  angular resolution: ~ 1 (0.3  ̄in ʒ) 
KS momentum resolution: ~ 2 MeV 

KL ñcrashò 

KS ­ p-e+n 

KL tagged by KS ­ ʌ+ʌ- vertex at IP  

Efficiency ~ 70% 
KL angular resolution: ~ 1  
KL momentum resolution: ~ 2 MeV 

KS ­ p+p- 

KL ­ 2p0 

KS and KL tagging  
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 A F-factory offers the possibility to select pure kaon  beams: 
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  KS  O  3ʌ
0 O  6ɾ   KS O  2ʌ0 + accidental/ splitted clusters 

     KL
 O  3ʌ,  KS O  ʌ+ ʌ- ɉ ȵfake KL

-crashȱ Ɋ 
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           SIGNAL     BACKGROUND 

Splitted clusters 
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Ç KL interactions in the calorimeter tag Ks decay 

Ç Preselected signal sample (KL-crash + 6 photons) ~ 77000 events 

Ç KS  ­ 2ʌ0 (4 prompt  photons) used for normalization  

× KL-crash: ecr º 23% 

× prompt  photon: eph º 48%  
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Multiplicities 
of reconstructed 
photons 
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- MC signal 

-  MC background 

ÇRejection  of events with  charged paricles  

- events with at least one track from the Interaction Point (ʍPCA  < 4 cm & |zPCA| < 10 cm ) 

- cuts on the velocity of the tagging KL meson  in the l  rest frame ɉ ɼcr ) and energy 

( Ecr  ) of the KL cluster 

-  MC signal 

-  MC background 

-  MC signal 

-  MC background 

Search for the KS  ʌ0ʌ0ʌ0 decay 
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ÇKinematical  fit  

KS mass, total 4-momentum conservation, 

consistency between the measured time and 

position of each cluster 

 

ÇDE/sE  = (EKs ɀɫ Eɾ )/ sE cut 

Consistency between the KS energy reconstructed by 

tagging and the sum of energies of four ȵbestȱ 

gamma quanta 
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Search for the KS  ʌ0ʌ0ʌ0 decay 

-  MC signal 

-  MC background 

-  MC signal 

-  MC background 

DISCRETE 2012, Lisbon, 3 -7 December 2012  


