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▪Importance of CP violation.

▪Why study 𝐾𝑆 → 𝜇+𝜇−?

▪Effects of introducing light scalars.

▪Future avenues of exploration.
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▪Required to explain Baryon asymmetry.

▪Integral part of the Sakharov conditions.

▪Standard model predictions fail to explain observed 
asymmetry.

▪Possible to measure such violations with current experimental 
methods.
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▪ Can measure quantities like Γ𝑆, Γ𝐿, Δ𝑚 = 𝑚𝐿 −𝑚𝑆.
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▪ Three types: Lepton family number violating, short distance dominated, and long 
distance dominated.

▪ Lepton family number violating: 𝐾+ → 𝜋±𝜇± 𝑒± (Br ~ 10−11).

▪ Short distance dominated: 𝐾+ → 𝜋+𝜐 ҧ𝜐, 𝐾𝐿 → 𝜋0𝜐 ҧ𝜐 (Br ~ 10−11).

▪ Long distance dominated: 𝐾+ → 𝜋+𝛾𝛾 (Br ~ 10−6).

▪ Can also decay into charged lepton pairs.

▪ Example: 𝐾𝐿 → 𝑙+𝑙− (Br ~ 10−10)
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▪ Induced by semi-leptonic loop 
FCNCs.

▪ “Clean” decays, largely free of 
theoretical uncertainties.

▪Can determine CKM matrix 
elements.

▪Provides a measure of CP 
violation in Standard Model.

Figure 1: The leading order electroweak diagrams contributing to 

𝐾 → 𝜋𝜈 ҧ𝜈 in the Standard Model [3].
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▪Clean measurement of CKM matrix 
elements.

▪Can use interference effects to extract 
long distance contributions. 

▪Br(𝐾𝑆 → 𝜇+𝜇−)𝑒𝑥𝑝 < 2.1 ×
10−10 [5].

Figure 3: Feynman diagram depicting the rare 

decay 𝐾𝑆 → 𝜇+𝜇− via mixing with light scalar 𝜙2.

7
[5] hep-ex/2001.10354



▪
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𝑑𝑡
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▪ Assume that 𝐴1
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2
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▪ Assume 𝜙 decays within 0.1m and 

30 M𝑒𝑉 ≤ 𝑚𝜙 ≤ 350 𝑀𝑒𝑉.

▪ 1.19 ∗ 10−13 ≤ 𝑦𝜇

▪ Considering 𝐾𝑆 → 𝜇+𝜇−

▪ 𝑦𝜇 𝜆𝐾𝜙 ≤ 10−11

Figure 5: Plot 

showing the 

parameter space for 

𝜆𝐾𝜙 and 𝑦𝜇.
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Figure 6: Plot 

showing the 

correlation between 

𝑔𝑠𝑑 and 𝑚𝜙 from 

mixing constraints.



▪On-Shell

▪ Assuming ϕ decays within 0.1m only 
to muons.

▪𝑔𝑠𝑑 ≤ 10−13

▪Off-Shell
▪𝑔𝑠𝑑𝑦𝜇 ≤ 10−3

Figure 7: Feynman diagram depicting 

the rare decay 𝐾𝐿 → 𝜋0𝜇+𝜇− via light 

scalar 𝜙2. 12
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Figure 10: Plot showing the available 

parameter space for 𝑔𝑠𝑑 and 𝑦𝜇 at 

constant mass.

Figure 8: Plot showing the available 

parameter space for 𝑔𝑠𝑑 and 𝑚𝜙.
Figure 9: Plot showing the correlation 

between 𝑔𝑠𝑑 and 𝑚𝜙.



▪
𝑑Γ

𝑑𝑡
= 𝑁𝑓(𝑡)

▪ 𝑓 𝑡 = 𝐶𝐿𝑒
−Γ𝐿𝑡 + 𝐶𝑆𝑒

−Γ𝑠𝑡 + 𝐶1𝑒
−Γ1𝑡 + 𝐶2𝑒

−Γ2𝑡 + 𝐶𝑆𝐿𝑒
− Γ𝑠+Γ𝐿 𝑡/2 +

𝐶𝐿1𝑒
− Γ1+Γ𝐿 𝑡/2+ 𝐶𝐿2𝑒

− Γ2+Γ𝐿 𝑡/2+ 𝐶𝑆1𝑒
− Γ𝑠+Γ1 𝑡/2 + 𝐶𝑆2𝑒

− Γ𝑠+Γ2 𝑡/2 +
𝐶12𝑒

− Γ1+Γ2 𝑡/2

▪ Can calculate experimental parameters for initially pure 𝐾0 and 𝐾0 beams.

▪ 𝐴𝑓 =
Γ 𝐾0→𝜇+𝜇− −Γ 𝐾0→𝜇+𝜇−

Γ 𝐾0→𝜇+𝜇− +Γ 𝐾0→𝜇+𝜇−
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▪ (a) Expanding in Γ𝑖 ≪ Γ𝑆 regime:
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▪ (b) Expanding in Γ𝑖≫ Γ𝐿 regime:

Figure 12: Time evolution of CP asymmetry for 𝐾𝑆 → 𝜇+𝜇− under both regimes (a) and (b).



▪ Can introduce light scalar for CP violating decay 𝐾𝑆 → 𝜇+𝜇−.

▪ Achieved saturation of experimental bounds with New Physics contributions.

▪ CP asymmetry shows interference patters for stable and quickly decaying 𝜙.

▪ Further study of experimental parameters and time evolution asymmetry.

▪ Constraints from CP violation. 
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