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Introduction
● Having worked on flavour physics since I 

graduated, I can certainly say the Cabibbo 
angle was the foundation of almost all my 
activity

● Yet, having graduated 30 years after the 
angle was formulated, I somewhat took it for 
granted, so let me quickly go through its 
genesis with Cabibbo’s slides
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The Past: the Puppi Triangle

Charged current hadronic matrix element fixed by isospin symmetry



 

The Past: beyond the Puppi 
Triangle



 

Does universality fail?

Gell-Mann & Lévy ‘60



 



 

Universality restored

Profound intuition: 
strong interaction 
isospin  SU(3)→ ,  BUT 
weak interactions still 
organized in weak 
isospin doublets!

"I guess there was in my mind a sort of mental interference between my 
work on photons and crystals, which had to do with polarization, and my 
work on hyperon decays. It was a kind of cross fertilization." 

Fermi news '99

https://www.fnal.gov/pub/ferminews/ferminews99-10-15/p4.html


 

From the Cabibbo angle to CKM
● Then came the GIM mechanism, paving the 

road to a two-generation gauge model of weak 
interactions with a scale of few hundred GeV, 
and then to the Standard Model. 

● The 2x2 mixing matrix parameterized by the 
Cabibbo angle was promoted to the CKM 
matrix, parameterized by three angles and one 
CP-violating phase
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The CKM Matrix
● In the three-generation SM, generation (flavour) mixing 

happens in charged weak currents through the Cabibbo-
Kobayashi-Maskawa matrix:

● Both flavour mixing and CP violation in weak interactions are 
ruled by the CKM matrix:
– Strong correlations between FV and CPV observables
– Very sensitive to New Physics 



 

CKM à la Wolfenstein
● The CKM matrix has a hierarchical structure, 

with the Cabibbo angle as the basic building 
block (sin q12  l):

● Can be made unitary to arbitrary order in l
● Hierarchical structure in “powers of Cabibbo”



 

The origin of the Cabibbo angle
● Phenomenologically, one has

tan2 qc ~ md/ms

suggesting a dynamical origin of the Cabibbo angle, since it can be 
obtained from a Yukawa structure of the form

possibly originating from an O(l) breaking of a flavour symmetry
● Many very interesting steps in this direction (U(1), U(2), discrete 

flavour symmetries), no compelling flavour theory yet
● Understanding the origin of the Cabibbo angle becomes crucial to build 

phenomenologically acceptable NP models close to the EW scale 



 

Unitarity Triangle(s)
● CKM Unitarity  Triangular relations a.k.a. 

Unitarity Triangles: 
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From the past to the present

Impressive progress due to NLO calculations, LQCD calculations, HQET and of course 
experimental improvements. Rome strongly involved in all that.



 

The Quest for New Physics
● The UT is overconstrained: generalize to NP
● Working hypothesis: neglect NP contributions 

to tree-level decays, search for NP in loop-
mediated processes

● Derive constraints on NP contributions to 
meson-antimeson mixing

● Translate into bounds on the NP scale for a 
given NP coupling and flavour structure
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The Cabibbo angle today

● Very precise measurements of leptonic and 
semileptonic decays determine

giving access to |Vud| and to |Vus| through 
lattice QCD estimates of fp, fK and f+(0)

● Nuclear b decays give access to 



 

The Cabibbo angle today



 

From today to tomorrow
● Current LQCD precision on form factors and 

decay constants is sub-percent: need control 
of strong isospin breaking and of QED 
corrections

● Lattice calculations of weak interactions with 
QED corrections will be the future of the 
determination of the Cabibbo angle (and of 
precision flavour physics in general) 



 

● Three steps, with increasing levels of 
difficulty:
– Renormalizing the Lagrangian and computing 

masses (IR finite)
– Computing leptonic decays (IR divergent 

amplitudes)
– Computing semileptonic decays (IR divergent 

amplitudes, Maiani-Testa problem in Euclidean)
Lubicz et al. '16; Giusti et al. '17; Di Carlo et al. '19; 
Desiderio et al. '20; Frezzotti et al. '20

https://arxiv.org/abs/1611.08497
https://arxiv.org/abs/1711.06537
https://arxiv.org/abs/1904.08731
https://arxiv.org/abs/2006.05358
https://arxiv.org/abs/2012.02120


 

Leptonic decays
● The IR finite quantity is

● Idea: soft photon does not resolve the structure 
of the hadron, so use PT in pointlike 
approximation, writing

● Both terms on the rhs are now IR finite and can 
be computed separately



 

Leptonic decays II
● Compute                in perturbation theory 

directly in infinite volume
● Compute      with a simulation including the 

virtual photon at fixed momentum, subtract   
    , sum over momenta and take infinite 
volume limit

● For heavy mesons, a non-perturbative 
determination of              is needed 



 

Semileptonic decays

Slide from G. Martinelli, Tenerife ‘19



 

Semileptonic decays II

Slide from G. Martinelli, Tenerife ‘19



 

Semileptonic decays & Vud

● A recent paper has reanalyzed radiative 
corrections to superallowed nuclear b decays, 
obtaining a value for |Vud| corresponding to a 
~ 4-5s violation of CKM unitarity

● The recent progress on QED corrections to 
semileptonic decays opens up the road to a 
lattice calculation of nuclear b decay, crucial 
to clarify the situation

Seng et al. '18

https://arxiv.org/abs/1807.10197


 

Conclusions
● The Cabibbo angle has paved the road to the 

Standard Model, and is a crucial ingredient in 
flavour phenomenology

● Current precision requires the inclusion of QED 
corrections, pioneered by the Rome group, to 
improve tests of CKM unitarity

● Understanding the origin of the Cabibbo angle and 
of the flavour hierarchy remains a crucial 
theoretical problem  



 

Conclusions II
● So far the LHC has left us in a state of big 

confusion, with many open theoretical 
problems but no unified answer

● To move forward we probably need to take a 
giant leap as Nicola did for the angle 

● We sorely miss his intuition and his depth!
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