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Standard Model of the Fundamental Interactions

SU(3)C ⊗ SU(2)L ⊗ U(1)Y

1 Interactions determined by gauge symmetries. Flavour Universality

2 Gauge symmetries require all elementary particles to be massless

3 Masses generated through the interaction with the Higgs doublet
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Mass is the only difference among the three fermion families
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Mass is the only difference among the three fermion families

4 Fermion mass eigenstates 6= weak eigenstates

Flavour Mixing: d ′
i = Vij dj , V †V = V V † = I

CP violation (if NG ≥ 3)
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Successful Description of Flavour & CP
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Lepton Flavour Universality in Z Decays
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Lepton Flavour Universality in W Decays

2201.07861

2007.14040

0.98 1 1.02 1.04 1.06 1.08 1.1

)νµ→W(Β)/ντ→W(Β)=µ/τR(

ATLAS
­1

 = 13 TeV, 139 fbs

LEP (Phys.Rept. 532 119)

ATLAS ­ this result
Statistical Uncertainty

Systematic Uncertainty

Total Uncertainty

CMS LEP ATLAS LHCb CDF D0

Rµ/e 1.009 ± 0.009 0.993 ± 0.019 1.003 ± 0.010 0.980 ± 0.012 0.991 ± 0.012 0.886 ± 0.121

Rτ/e 0.994 ± 0.021 1.063 ± 0.027 — — — —

Rτ/µ 0.985 ± 0.020 1.070 ± 0.026 0.992 ± 0.013 — — —

Rτ/ℓ 1.002 ± 0.019 1.066 ± 0.025 — — — —
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Leptonic
Meson Decays

RP→e/µ ≡
Γ[P → eν̄e(γ)]

Γ[P → µν̄µ(γ)]
=
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K → πℓν̄ℓ Decays
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τ
− → ντP− Decays
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Four-Fermion Operators

Low-energy EFT: Cirigliano et al, 0908.1754, 2112.02087
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Bryman et al

2111.05338

gℓ ≡ g2 (1 + ǫℓℓ)
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Generic constraints on New Physics
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Violations of
Lepton Flavour

Universality

RH ≡
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SM
= 1 ± O(10−2) QED corrections

b → s ℓ+ℓ−

V. Gligorov, ICHEP 2022
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Precision dominated by LHCb, Belle 2 will be able to independently verify with ~10ab-1.  

Will be interesting to see the eventual impact of the parked CMS dataset.

Credit for script: Sebastian Schmitt
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R
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Lepton-Universality Averages

0.996 0.998 1.000 1.002 1.004

τ→μ / τ→e

π→μ / π→e

K→μ / K→e

K→πμ / K→πe

W→μ / W→e

Average

1.0017 ± 0.0016

1.0010 ± 0.0009

0.9978 ± 0.0018

1.0009 ± 0.0018

1.0009 ± 0.0030

1.0007 ± 0.0007

gμ/ge

0.980 0.985 0.990 0.995 1.000 1.005 1.010

τ→e / μ→e

τ→π / π→μ

τ→K / K→μ

W→τ /W→μ

Average

1.0011 ± 0.0014

0.9964 ± 0.0038

0.9857 ± 0.0078

1.0011 ± 0.0101

1.0001 ± 0.0013

gτ/gμ

1.000 1.005 1.010 1.015 1.020

τ→μ / μ→e

W→τ /W→e

Average

1.0028 ± 0.0015

1.0077 ± 0.0120

1.0029 ± 0.0015

gτ/ge

Complementary tests: sensitive to different new-physics contributions
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