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 Search for explicit violation of Standard Model  

Lepton Flavor Violation 

 Probe the flavor sector of  the Standard Model 

FCNC 

 Test fundamental symmetries 

CP, CPT 

 Study the strong interactions at low energy  

Chiral Perturbation Theory, K structure 

 Exploring lepton mass matrix 

Unique possibility of measuring double beta decay analogue for μ. 

©Ceccucci 
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 Mode        Expt. value 

• 𝑲𝑳 → 𝝅𝟎𝝂𝝂  < 𝟔. 𝟕 × 𝟏𝟎−𝟖   = (𝟐. 𝟕 ± 𝟎. 𝟒) × 𝟏𝟎−𝟏𝟏 

• 𝑲𝑳 → 𝝅𝟎𝝅𝟎𝝂𝝂  < 𝟒. 𝟕 × 𝟏𝟎−𝟓 

• 𝑲𝑳 → 𝝅+𝝅−𝒆+𝒆− < (𝟑. 𝟏𝟏 ± 𝟎. 𝟏𝟗) × 𝟏𝟎−𝟕 

• 𝑲𝑳 → 𝝅𝟎𝝅𝟎𝒆+𝒆− < 𝟔. 𝟔 × 𝟏𝟎−𝟗 

• 𝑲𝑳 → 𝝁+𝝁− (𝟔. 𝟖𝟒 ± 𝟎. 𝟏𝟏) × 𝟏𝟎−𝟗 

• 𝑲𝑳 → 𝒆+𝒆− (𝟗−𝟒
+𝟔) × 𝟏𝟎−𝟏𝟐 

• 𝑲𝑳 → 𝝅𝟎𝝁+𝝁− < 𝟑. 𝟖 × 𝟏𝟎−𝟏𝟎 

• 𝑲𝑳 → 𝝅𝟎𝒆+𝒆−   < 2. 𝟖 × 𝟏𝟎−𝟏𝟎 

• 𝑲𝑳 → 𝒆±𝝁∓ < 4. 𝟕 × 𝟏𝟎−𝟏𝟐 

• 𝑲𝑳 → 𝒆±𝒆±𝝁∓𝝁∓ < 4. 𝟏𝟐 × 𝟏𝟎−𝟏𝟏 

• 𝑲𝑳 → 𝝅𝟎𝒆±𝝁∓ < 7. 𝟔 × 𝟏𝟎−𝟏𝟏 

• 𝑲𝑳 → 𝝅𝟎𝝅𝟎𝒆±𝝁∓ < 1. 𝟕 × 𝟏𝟎−𝟏𝟎 

CP 

∆𝑆 = 1 

LF 
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• 𝑲+ → 𝝅+𝝂𝝂  𝟏. 𝟕 ± 𝟏. 𝟏 × 𝟏𝟎−𝟏𝟎  = (𝟖. 𝟓 ± 𝟎. 𝟎𝟕) × 𝟏𝟎−𝟏𝟏 

• 𝑲+ → 𝝅+𝝅𝟎𝝂𝝂  < 𝟒. 𝟑 × 𝟏𝟎−𝟓      

• 𝑲+ → 𝝅+𝒆+𝒆−  (𝟑. 𝟎𝟎 ± 𝟎. 𝟎𝟗) × 𝟏𝟎−𝟕 

• 𝑲+ → 𝝅+𝝁+𝝁− (𝟖. 𝟏 ± 𝟏. 𝟒) × 𝟏𝟎−𝟖 

• 𝑲+ → 𝝁−𝝂𝒆+𝒆+  2. 𝟎 × 𝟏𝟎−𝟖 

• 𝑲+ → 𝝅+𝝁+𝒆− < 𝟏. 𝟑 × 𝟏𝟎−𝟏𝟏 

• 𝑲+ → 𝝅+𝒆+𝝁− < 𝟓. 𝟐 × 𝟏𝟎−𝟏𝟎 

• 𝑲+ → 𝝅−𝝁+𝒆+ < 𝟓. 𝟎 × 𝟏𝟎−𝟏𝟎 

• 𝑲+ → 𝝅−𝒆+𝒆+ < 𝟔. 𝟒 × 𝟏𝟎−𝟏𝟎 

• 𝑲+ → 𝝅−𝝁+𝝁+ < 3. 𝟎 × 𝟏𝟎−𝟗 

• 𝑲+ → 𝝅+𝜸 < 𝟐. 𝟑 × 𝟏𝟎−𝟗 

Lepton Family Number 

Lepton number 

∆𝑆 = 1 

Angular momentum 



Buras: 𝑲+ → 𝝅+𝝂𝝂 , 𝑲𝟎 → 𝝅𝟎𝝂𝝂 ,  ratio 𝒙𝒅 𝒙𝒔  of  𝑩𝒅
𝟎 − 𝑩𝒅

𝟎 to  

𝑩𝒔
𝟎 −𝑩𝒔

𝟎 mixing and class of asymmetries in neutral B decays 

cleanest observables, being essentially free from hadronic 

uncertainties. 

Theoretically clean mode 

 22

0

411

2

242

3

2

)(109.8                                 

||
||sin2

)(
)(















 

A

XX
V

KB
KB

l

cctt

usW

e
SD

Hadronic matrix element of the operator  

   𝒔 𝜸𝝁 𝟏 − 𝜸𝟓 𝒅  𝝂 𝜸𝝁 𝟏 − 𝝂𝟓 𝝂 

can be measured in the leading decay  𝑲+ → 𝝅𝟎𝒆+𝝂 
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SM contribution 

SUSY Contribution  

Project X sensitive to 1000 

SM events. 

BSM rates 10x SM rates. 



Buras: 𝑲𝑳 → 𝝅𝟎𝝂𝝂 , 𝑲+ → 𝝅+𝝂𝝂 , ratio 𝒙𝒅 𝒙𝒔  of  𝑩𝒅
𝟎 −𝑩𝒅

𝟎  to  

𝑩𝒔
𝟎 −𝑩𝒔

𝟎 mixing and class of asymmetries in neutral B decays 

cleanest observables, being essentially free from hadronic 

uncertainties. 

•Purely CP-Violating (Littenberg, 1989)  

•Totally dominated from t-quark 

•Computed to NLO in QCD ( Buchalla, Buras, 1999) 

•No long distance contribution SM ~3 × 10-11 

Backgrounds: 

𝑲𝑳 → 𝟐𝝅𝟎, 𝝅𝟎𝒆+𝒆−, 𝝅𝟎𝜸𝜸 

 

Difficult mode to measure 



Rates of 𝑲𝟎 → 𝝅𝟎𝝂𝝂  and 𝑲+ → 𝝅+𝝂𝝂   sensitive to  other NP 

models also  





Φ π 

π 𝓵 

𝓵 

Θ𝜋  
Θ𝓵 



Weak phase 

Strong phase 

Heiliger & Sehgal Phys. Rev. D48, 4146 (1993). 

𝑲𝑳 → 𝝅+ 𝒑+ 𝝅− 𝒑− 𝓵+ 𝒌+ 𝓵− 𝒌−  

Under CP:    𝒌±
𝑪𝑷

− 𝒌∓ 

𝒑±
𝑪𝑷

− 𝒑∓  cos Θπ → −cos Θπ  

cos Θℓ → −cos Θℓ  

sinΘπ → sinΘπ  

sinΘℓ → sinΘℓ  

cosΦ → cosΦ  sinΦ → −sinΦ  

Signal of T-reversal violation 

Several papers supporting and several other disputing signal is 

genuine T-violation 



CPT is introduced through the Hamiltonian 

CPT restored if 𝜃 =
𝜋

2
 

A complete calculation  without CPT in mixing is underway. 

CPT violation should be studied in K since large numbers of K 

mesons will be produced. 






