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An introduction to 𝐾𝐿 → 𝜇+𝜇− and 𝐾𝑆 → 𝜇+𝜇−
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Flavor Changing Neutral Current (FCNC), loop-suppressed in the SM

Short Distance Perturbative physics (can be calculated accurately)

Dominating Long Distance physics (large errors in calculation)
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𝑩𝑹 𝑲𝑳 → 𝝁+𝝁− = 𝟔. 𝟖𝟒 ± 𝟎. 𝟏𝟏 × 𝟏𝟎−𝟗 has 

been measured in the LHC precisely.

BUT..



The fairy godmother arrives – CP violation!

CP properties of  the final state depend on the 

relative angular momentum 
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“Bibbity Babbity Boo”-ing some parameters

“Before CP-violation”:

We start off  with 8 parameters

“After CP-violation”:

Left with just 4!
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Time dependence measurements
A clever way to measure 4 unknowns!
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The big reveal!
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In the Standard Model…
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The Main Takeaway

Before: After:

Our claim is that this decay is:

Experimentally challenging, but..

Theoretically Clean 

(a property shared with the decay 𝐾𝐿 → 𝜋 ҧ𝜈𝜈)
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The decay 𝐾𝑆 → 𝜇+𝜇− was 

considered to be:

• Theoretically unclean

• Experimentally challenging
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New Physics Sensitivity?



What next?

On the theoretical side

• New Physics (NP) sensitivity of  the 
𝐾𝑆 → 𝜇𝜇 decay rate?

• Other decays such as 𝐾 → 𝜋𝑙+𝑙−, 
𝐾 → 𝜋𝜋𝑙+𝑙− could also have a 
similar rags to riches moment?

Some issues on the experimental front..

• Experimentally, in order to see time 
dependence, need around 1013

events per year

• It is difficult to produce a pure 𝐾0

beam, current experiments produce 
either 𝐾+, or a mixture of  𝐾0 and 

𝐾0.
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