
  

● ϵK: discovery of CP Violation
● ϵK: CP Violation in the mixing of kaons
● BSM: new contributions to ϵK 
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ϵK w/o perturbative QCD corrections

● CKM unitarity: Vus.(Vud)* = -Vts.(Vtd)* -Vcs.(Vcd)*
● S: Inami-Lim functions
● GIM mechanism: S \propto xt, xc (xu=0)
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Prediction of ϵK

● QCD: perturbative & non-perturbative (e.g., BK) effects
● |ϵK| \propto 1*ηtt + 0.7*ηct + 0.08*ηcctt + 0.7*ηtt + 0.7*ηct + 0.08*ηccct + 0.08*ηtt + 0.7*ηct + 0.08*ηcccc (roughly)

Error budget “c-t” (old evaluation!):

exp
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CKM unitarity: go from “c-t”, to “u-t”

2.) It turns out that ηtt + 0.7*ηct + 0.08*ηccuu, or C1, has a bad convergence (unknown reason)

3.) Same phase convention for |ΔS|=1,2 transitions: “uu” does not contr. to ϵK

● The calculation of ̃ηtt + 0.7*ηct + 0.08*ηcctt is essentially the same as for ηtt + 0.7*ηct + 0.08*ηcctt, i.e., ̃ηtt + 0.7*ηct + 0.08*ηcctt ~ ηtt + 0.7*ηct + 0.08*ηcctt
● The calculation of ηtt + 0.7*ηct + 0.08*ηccut is analogous to the one of ηtt + 0.7*ηct + 0.08*ηccct
● |ϵK| \propto 1*ηtt + 0.7*ηct + 0.08*ηcctt + 0.6*ηtt + 0.7*ηct + 0.08*ηccut (roughly)

1.) λc = -λt -λu
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“c-t” vs. “u-t” parameterizations
ArXiv: 1911.06822 [hep-ph]

“new”: ηtt + 0.7*ηct + 0.08*ηccut

“old”: ηtt + 0.7*ηct + 0.08*ηccct
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Error budget “u-t”

Room for improvement:
● param: e.g., CKM matrix elements
● Likely (?), Brod & Gorbahn et al. will calculate ηtt + 0.7*ηct + 0.08*ηcctt to the NNLO
● BK: bag parameter
●
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● Experimental measurement: 2.228*(1 +/- 0.5%)/10^3
● ϵK with new param. still in very good agreement with global fit

“c-t” “u-t”
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More details @
arXiv: 1911.06822 [hep-ph]
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Spare
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Future bounds (LHCb, Belle II, ...)
LHCb at 23 fb-1, CMS/ATLAS at 300 fb-1, 
and Belle II at 50 ab-1.

LHCb at 300 fb-1, CMS/ATLAS at 3000 fb-1, 
and Belle II at 50 ab-1.
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