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Outline                                                    
• Recent exper imental inputs for                  

CPT and the unitar ity relation:
1.1.1.1. aL,S((((++++ −−−−,00,00,00,00)
2.2.2.2. aL,S((((++++ −−−−γ)γ)γ)γ)
3.3.3.3. aL,S(π (π (π (π l ν)ν)ν)ν)
4.4.4.4. aL,S(π π π)(π π π)(π π π)(π π π)
• Results 
• Conclusions

Claudio Gatti 
(KLOE collaboration)



The unitar ity relation and CPT
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ΚΚ − 00

QFT ++++ Lorentz Invar iance ++++ Locality   ���� CPT invar iance

Violation from QG ∝∝∝∝ (E/Mplanck)n n=1,2,...                                                       
Mplanck ≡≡≡≡ GN

-½~1019 GeV{
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I f n=1 CPT-violating terms exist ... very close to MK/MPlanck



The unitar ity relation and CPT
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Exper iments
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KLOE
ϕ→ϕ→ϕ→ϕ→KSKL
PK~110 MeV

NA48
Proton on target
PK~50-150 GeV

KTeV
Proton on target
PK~50-150 GeV

CPLEAR

PK~500 MeV
)( 00 KKKpp �π±→



Exper imental inputs to Re(δδδδ)
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CPLEAR fit of time dependent asymmetry Aδ δ δ δ with 
semileptonic decays
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Exper imental inputs to Im(δδδδ)
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ππππ++++ππππ−−−−ππππ0000, π, π, π, π0000ππππ0000ππππ0000

ππππlνννν

Inputs for  all BR’s, φφφφ+−+−+−+− , and φφφφ00

Inputs for  ηηηη+−0+−0+−0+−0, KL BR’s, and U.L. on BR(KS→→→→3ππππ0)
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Inputs for  all BR’s and asymmetr ies

Inputs also for  ττττS , ττττL , and φφφφSW
y CPT in decays



KS→π→π→π→π+ππππ-/ KS→π→π→π→π0ππππ0
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KLOE 
Over  400××××106 ϕ→ϕ→ϕ→ϕ→KSKL
Pure KS beam

Combined with KLOE KS→π→π→π→πeνννν to get single BR’s
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KL→π→π→π→π+ππππ-(γγγγIB)

( ) ( ) 310021.0963.1)( −+−+ ×±=→ΚΓ DEIB
L γππ

PLB638

hep-ex/0601025

Submitted EPJC

KLOE measures the ratio BR(KL→ππ→ππ→ππ→ππ)////(KL→πµν→πµν→πµν→πµν)
Event counting from fit to: 22

missmiss pE +

)(22 MeVpE missmiss +

Combining with KL →πµν→πµν→πµν→πµν BR from KLOE

~45000 ππππππππ



KL→π→π→π→π+ππππ-(γγγγIB), ππππ0ππππ0
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PRD70

KTeV
Measures: ΓΓΓΓ(KL→πππ→πππ→πππ→πππ,πµνπµνπµνπµν, ππππππππ)/ΓΓΓΓ(Ke3), Γ(πΓ(πΓ(πΓ(π0000ππππ0000)/Γ)/Γ)/Γ)/Γ(ππππ0000ππππ0000ππππ0000)

~105 ππππ0000ππππ0000

~105 ππππ++++ππππ−−−−

( ) ( ) 310012.0975.1)( −−+ ×±=→Κ γππLBR

( ) ( ) 300 10010.0865.0 −×±=→Κ ππLBR

)014.0064.1()014.0126.1(10)( 3 ±+±=×−+ iππα

)008.0472.0()007.0494.0(10)( 300 ±+±=× iππα



KL→π→π→π→π+ππππ-γγγγDE
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hep-ex/0604035
Submitted to PRL
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directdirectBR MEE
dE

d ++∝Γ

γ

KTeV 
Sample 105 ππγ ππγ ππγ ππγ with Eγγγγ>20 MeV
Contr ibution from:
Electr ic amplitude ∝∝∝∝(p1•εεεε- p2•εεεε)
Magnetic amplitude ∝∝∝∝ (εεεεij kl p1 p2 q εεεε)

No inteference between E and M when 
summing over photon helicity
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KL→π→π→π→π+ππππ-e+e-
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PRL96

Previous measurement from NA48 (EPJC30) with ~1000 KL 

(also measured KS decay) 
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Different way of measur ing DE
Measure CP violating inter ference M⊗⊗⊗⊗E
KTeV with a sample of ~5000 ππππππππee events
BR(KL)~10-7
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φ φ φ φ angle between ππππππππ and 
ee planes



KL→π→π→π→πlνννν
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New measurements from KLOE, KTeV and NA48

KLOE  BR(Ke3), BR(Kµµµµ3)  ⇐⇐⇐⇐ we use this for  αααα(π(π(π(πlν)ν)ν)ν)

KTeV   BR(Ke3), BR(Kµµµµ3)

NA48   BR(Ke3)

See Antonelli’ s talk



KS→π→π→π→πeνννν
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KLOE
Measures the ratio ΓΓΓΓ(ππππeνννν)/Γ/Γ/Γ/Γ(ππππ++++ππππ−−−−) for  
each charge mode and AS

Sample of 6500 events per  charge
Event counting: fit to Emiss-Pmiss (∆Επ∆Επ∆Επ∆Επe) 
and other kinematical var iables
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Combining with AL=(3.34±0.06)××××10-3 (PDG average):
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KS→πµν→πµν→πµν→πµν
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(PDG2005)

KLOE 
Never  measured before, BR~5××××10-4.
Event counting with fit to Emiss-Pmiss

(∆∆∆∆Eπµπµπµπµ) distr ibution.

Selected ~3500 events per  charge 
with ~400 pb-1. 

Statistical er ror :
δδδδBR////BR~3% per  charge mode
δδδδAµµµµ~0.01



KL→πππ→πππ→πππ→πππ
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New measurements from KLOE, KTeV and NA48

KLOE  BR(π(π(π(π++++ππππ−−−−ππππ0000),),),), BR(3π(3π(3π(3π0000)))) ⇐⇐⇐⇐ we use this for  αααα(πππ)(πππ)(πππ)(πππ)

KTeV   BR(ππππ++++ππππ−−−−ππππ0000), BR(3π3π3π3π0000)

NA48   BR(3π3π3π3π0000)

See Antonelli’ s talk

(Prelim.)



KS→π→π→π→π+ππππ-ππππ0
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KS→π→π→π→π0ππππ0ππππ0
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PLB610
CP violating decay BR~10-9

Before NA48 and KLOE measurements, ℑℑℑℑ(δδδδ) 
was limited by the poor  knowledge of ηηηη000000000000

Two different ways for  measur ing ηηηη000000000000

NA48
Measures K→→→→3ππππ0 rate as a function of proper  
time, with 5××××106 KS,L →→→→3ππππ0 from ‘near target’ , 
normalized to the rate of  108 KL →→→→3ππππ0 from ‘ far  
target’
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KS→π→π→π→π0ππππ0ππππ0
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PLB619

KLOE
Direct search for  KS decays
~5××××108 KS-KL
KS tagged with KL interactions 
in EmC
Selection: 6 clusters, track veto
Event counting in signal box 
defined by χχχχ2 in 2ππππ and 3ππππ
hypothesis
Normalized to KS→→→→2ππππ0 events
2 events found, 3 bkg events 
expected

χχχχ2(2ππππ)

χχχχ2(3ππππ)

MC Data
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Results
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95% CL
68% CL
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Conclusions
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The unitar ity relation allows us to test CPT symmetry close to 
the scale MK/Mplanck. 
We have done a new determination of the CP and CPT 
parameters combining the results from CPT asymmetr ies of 
CPLEAR with the unitatiry relation.
We obtain an accuracy improvement of ~2.5 for  both ℜℜℜℜ(εεεε) and 
ℑℑℑℑ(δδδδ). The improvement is due both to the measurement of ηηηη000
and AS . 
The limiting quantities are now:
• ℑℑℑℑ(x+) and φφφφ+−+−+−+− for  ℑℑℑℑ(δδδδ)
• ηηηη+−+−+−+− and ηηηη00 for  ℜℜℜℜ(εεεε) 
KLOE has analyzed only 1/5 of its data sample (2.5 fb-1). The 
full sample should allow us to fur ther  reduce the uncer tainty 
on these fundamental parameters.


