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Standard Model of the Fundamental Interactions
SUBB)c @ SU(2)L ® U(1)y

@ Interactions determined by gauge symmetries. Flavour Universality
® Gauge symmetries require all elementary particles to be massless

©® 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

@ Fermion mass eigenstates # weak eigenstates

Flavour Mixing: d =Vijdy , ViVv=vVi=]

—- o
CP violation (if Ng > 3)
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Successful Description of Flavour & CP

Rare Decays

s u,c,t d

Br(K) — ptu~)=6.8x107°
Br(BY — putpT)=3.0x10"°
Br(b — 57) =3.1 x 104

Sensitivity to (virtual) heavy scales
Meson-Antimeson Mixing
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A Higgs field indeed

Interaction
proportional
to mass
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Lepton Flavour Universality in Z Decays
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Lepton Flavour Universality in W Decays
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LEPTON

UNIVERSALITY
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: Leptonic

s, Decays
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CHARGED CURRENT UNIVERSALITY

A. Pich, arXiv:2012.07099
(updated)
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K — wfli, Decays
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CHARGED CURRENT UNIVERSALITY

A. Pich, arXiv:2012.07099
(updated)
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CHARGED CURRENT UNIVERSALITY

A. Pich, arXiv:2012.07099
(updated)
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Four-Fermion Operators

Low-energy EFT: Cirigliano et al, 0908.1754, 2112.02087
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Generic constraints on New Physics
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Violations of
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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.

A. Pich Lepton Flavour Universality 16



b — ctv

B(B — T VT) Tree-level -
D (%) p— = process w- T
B(B — DY)
1Z8
I T T T T ]
IS HFLAV Ay* = 1.0 contours
& 04 -
[ LHCbIS B
C BaBarl2 ]
035 | -
C LHCBIE b
03 N = 340
025 F \}"Beuew Bellels ] discrepancy
E Bellel7 E
02 4 Bigi 16, Gambino 19 -]
C ‘}'Blord(me 19 . b
0.2 0.3 0.4

R(D)
B(B: — J v 5
LHCb, 1711.05623: R/ = % =0714+0.17+0.18 (1.70) R??i ~0.26 — 0.28
c — jzm
LHCb, 2201.03497: RA?,H/\? = 0.242 + 0.026 + 0.040 + 0.059 Ri‘:’,\i/\i 2 0.324 £ 0.004
r(B — D(*)Ml/) 8 Jung-Straub
BUT [ ——— SEl—0. .
u F(B — D(*)e]/) —- - 0.989 £ 0.012 1801.01112
A. Pich Lepton Flavour Universality 17



Lepton-Universality Averages
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Complementary tests:
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1.0011 £0.0014
0.9964 £ 0.0038
0.9857 £ 0.0078

1.0011 £0.0101

1.0001 £0.0013

sensitive to different new-physics contributions
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