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1963: Cabibbo Angle 
1964: CP violation in K decays *
1970 GIM Mechanism
1973: CP Violation needs at least 
three quark families (CKM) *
1975: discovery of the tau lepton –
3rd lepton family *
1977: discovery of the b quark -
3rd quark family 
2003/4: CP violation in B meson 
decays                        * Nobel Prize



PRESENT:the Standard Model and 
beyond
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Only circled terms discussed in this talk



from elegance to caos !!
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+ the coupling θ of  strong CP violation 
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The Higgs introduces the only known non-gauge couplings

Higgs  couplings are not 
flavor blind

flavor blind and CP conserving

courtesy of B.A. Stefanek



Absence of FCNC  at tree level  (& GIM suppression 
of FCNC @loop level) 

Almost no CP violation at tree level 

Tiny CP violation in K and D mesons
due to small coupling between the
third and the two first generations

Flavour Physics is extremely
sensitive to New Physics (NP)

In competition with 
Electroweak Precision  
Measurements



The usual mantra
reasons to go 
beyond the SM(s):

“Experimental” evidence

1. Neutrino Masses
2. Dark Matter and Dark Energy
3. Matter-Antimatter Asymmetry

“Theoretical” evidence

1. SM instability (hierarchy, naturalness)
2. Flavour Physics (families, Yukawa couplings, 
CP violation for both quarks and leptons)
3.Unification of forces and quantization of gravity



Why Flavor Physics is so important:

It  is  sensitive to NP  scales                                       
since FCNC  are suppressed  in the SM by loops and 
small 

SM Flavor puzzle:
Why flavor parameters are so small and hierarchical? 
(and different from  the neutrino  sector)

NP Flavor puzzle:
If NP is at the TeV scale, why FCNC
effects are so small that  they have not be detected yet?
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⇤NP � Ecollider
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Rare decays allowed in the SM
 qi     ->  qk +    n n
qi     ->  qk +    l+ l-
qi     ->  qk +    g

these decays occur only via loops and are 
suppressed by CKM because of GIM

THUS THEY ARE  SENSITIVE TO 
NEW PHYSICS

WHY RARE DECAYS ?
Rare decays are a manifestation of broken   (accidental) 
symmetries e.g. of physics  beyond the Standard Model

Proton decay               baryon and lepton number conservation
µ ->  e  + g lepton  flavor number
ni -> nk      found !





B0 - B0 mixing
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In general the mixing mass matrix of the 
SQuarks (SMM) is not diagonal in flavour 
space analogously to the quark case 
We may either  
Diagonalize the SMM

or Rotate by the same 
Matrices the SUSY partners of 
the u- and d- like quarks
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In the latter case the Squark Mass
Matrix is not diagonal

(m2
Q )ij = m2

average 1ij + Dmij
2      dij = Dmij

2 / m2
average





1. Provides the best determination of the CKM 
parameters;

2. Tests the consistency of the SM (``direct” vs 
``indirect” determinations) @  the quantum 
level;

3. Provides predictions for SM observables (in 
the past for example sin 2β  and   Δms )

4. It could lead to new discoveries (CP 
violation, Charm, !?)

5. The discovery potential of precision flavor 
physics should not be underestimated

STANDARD MODEL 
UNITARITY  TRIANGLE ANALYSIS
Tensions and Unknown 

It is by now precision 
physics and we need 
precise lattice 
calculations

New UTfit Analysis of the 
Unitarity Triangle
in the Cabibbo-Kobayashi-
Maskawa scheme

Rend.Lincei Sci.Fis.Nat. 34 (2023) 37-57
arXiv:2212.03894
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N(N-1)/2           angles           and        (N-1)(N-2) /2     phases

N=3      3 angles + 1 phase      KM 
the phase generates complex couplings i.e.  CP 
violation;  
6 masses +3 angles +1 phase = 10 parameters

Vud Vus Vub 
Vcd Vcs Vcb 
Vtb Vts Vtb 

 

 



STRONG CP VIOLATION 

Lq  =   q Gµna Ga
µn                 Ga

µn = eµnrs Ga
rs

 
Lq  ~   q  Ea · Ba

en   <  3  10-26 e cm

q  < 10-10   which is quite unnatural !!

Georg Raffelt, MPI Physics, Munich Vistas in Axion Physics, INT, Seattle, 23–26 April 2012

Pie Chart of Dark Universe

Dark Energy 73%
(Cosmological Constant)

Neutrinos
0.1−2%

Dark Matter
23%

Ordinary Matter 4%
(of this only about
10% luminous)

This term violates CP and gives a contribution to 
the electric dipole moment of the neutron



Vud Vus Vub 

Vcd Vcs Vcb 

Vtd Vts Vtb 
 

 

Quark masses &
Generation 
Mixing

Neutron
Proton

ne

e-

down
up

W

| Vud | 

| Vud | = 0.9735(8)
| Vus | = 0.2196(23)
| Vcd | = 0.224(16)
| Vcs | = 0.970(9)(70)
| Vcb | = 0.0406(8)
| Vub | = 0.00409(25)
| Vtb | = 0.99(29)
            (0.999)

b-decays

updated values later



Sin q12 = l
Sin q23 = A l2

Sin q13 = A l3(r-i h)
𝛿13 = 𝛾 = 𝜙3



K0
 - K0

 mixing

Unitary
Triangle
   SM

B0
d,s - B0

d,s  mixing Bd 

2005

semileptonic decays



redundancy is the big strength of the UT analysis
one can remove a subset of inputs and still determine the CKM
one can exclude h=0 using only CP conserving processes 



Vcb and Vub 

|Vcb| (excl) = (40.13 ± 0.55) 10-3

|Vcb| (incl) = (41.97 ± 0.48) 10-3

|Vub| (excl) = (3.57 ± 0.23) 10-3

|Vub| (incl) = (4.13 ± 0.26) 10-3

from arXiv:2310.20324

Λb, excluded following FLAG guidelines|Vub / Vcb| (LHCb) = (7.9 ± 0.6) 10-
2

PDG 2024

|Vub / Vcb| = (8.7 ± 0.9) 10-2

Latest inputs from arXiv:2310.03680 

from arXiv:2202.10285 

from arXiv:2310.20324

from arXiv:2310.03680 

Courtesy by M. Bona
|Vcb| (incl) = (42.00 ± 0.47) 10-3

M. Fael et  al.  Eur.Phys.J.ST 233 (2024) 2, 325-346



Inputs to the global fit 
from 2D à la D’Agostini averages
|Vcb|UTfit = (41.20 ± 0.74) 10-3

|Vub|UTfit = (3.84 ± 0.35) 10-3

|Vcb|UTfit = (42.19 ± 0.48) 10-3

|Vub|UTfit = (3.72 ± 0.10) 10-3

UTfit predictions:

|Vcb|UTfit = (41.91 ± 0.40) 10-3

|Vub|UTfit = (3.73 ± 0.09) 10-3
UTfit full fit

Vcb and Vub 



New Analysis (G.M., S.Simula, L.Vittorio 2310.03680)

NEW EXCLUSIVE Vcb=    (39.92 ± 0.64) 10-3 from B-> D*

NEW   Vub/Vcb =   (8.7 ± 0.9) 10-2
FLAG UNDERESTIMATES OF THE UNCERTAINTY
The larger error reduces the correlation between Vub nd Vcb

Utfit Prediction Vcb= (42.19 ± 0.48) 10-3

Vub= (3.72 ± 0.10) 10-3

|Vcb| (incl) = (41.97 ± 0.48) 10-3
2.6 𝜎 difference
Finauri & Gambino  2310.20324

|Vcb| (incl) = (41.69 ± 0.63) 10-3
2.0 𝜎 difference 
F. Bernlochner etal. 2205.10274

see also 
e-Print: 2409.10492

https://arxiv.org/abs/2409.10492






1. |Vcb| (and |Vub|) puzzle
FLAG Review 2021 [EPJC ‘22 (2111.09849)]

5

Tension(s) in 𝑏 → 𝑐 decays ? Charged Currents   & Tree level

2. Lepton Flavor Universality Violation

HFLAV Collaboration, PRD ‘23 [arXiv:2206.07501] (updated plot) 

BK1
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0.2 0.3
R(D*)

BaBar 2012, had. tag
 0.018± 0.024 ±0.332 

Belle 2015, had. tag
 0.015± 0.038 ±0.293 

Belle 2017, (hadronic tau)
 0.027± 0.035 ±0.270 

Belle 2019, sl.tag
 0.014± 0.018 ±0.283 

LHCb 2022 
 0.024± 0.018 ±0.281 

LHCb 2023, (hadronic tau)
 0.018± 0.012 ±0.257 

BelleII 2023, had.tag
 0.031± 0.040 ±0.267 

Average 
 0.012±0.284 

HFLAV SM Average 
 0.005±0.254 

PRD 95 (2017) 115008 
 0.003±0.257 

JHEP 1712 (2017) 060 
 0.005±0.257 

PLB 795 (2019) 386 
 0.007±0.254 

PRL 123 (2019) 9,091801 
 0.005±0.253 

EPJC 80 (2020) 2, 74 
 0.006±0.247 

EPJC 82(2022) 12,1141 
 0.013±0.265 

EPJC 82(2022) 12,1083 
 0.008±0.275 

arXiv:2304.03137[hep-lat] 
 0.013±0.279 

arXiv:2306.05657[hep-lat] 
 0.022±0.252 

arXiv:2305.11855[hep-ph] 
 0.012±0.258 HFLAV

Summer 2023

6

The tension strongly depends on the method used in the theoretical analysis

Klaver S & Rotondo M,
doi 10.3390/sym16080964



2021: an estimate from the 1/mc 
expansion of the effective 
Hamiltonian  + UTfit

2015: a real 
exploratory  calculation
no physical masses, no 
extrapolation to the continuum 
etc.

2.00 (15) x 10-3



A second group should do this calculation!!

RBC/UKQCD:   e’/ e= 16.7 x10-4

Utfit:   e’/ e= 15.2(4.7) x10-4 0.001 0.002 0.003

ε/I
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r = 0.158± 0.009   h = 0.352 ±0.011  

Consistence on an
over constrained fit

of the CKM parameters

September 24
In the 
hadronic 
sector,  the 
SM CKM  
pattern 
represents 
the 
principal 
part of the 
flavor 
structure 
and of  CP 
violation 

a = (91.4  ±  1.4 )0 
sin2b = 0.763 ± 0.030 
g = (65.6 ±  1.4)0 

A = 0.826 ± 0.011
 λ = 0.2250 ± 0.0007 

CKM matrix is the dominant source of flavour mixing and CP violation



35Marcella 
Bona

Unitarity Triangle 
update

Unitarity Triangle analysis in the SM:

levels @
95% Prob

r = 0.158 ± 0.009
h = 0.352 ± 0.010 

l = 0.2250 ± 0.0007
A= 0.826 ± 0.009



Marco Ciuchini Page 36KEK-FF 2013
2016

Experimental progress so impressive that we can fit
the hadronic matrix elements (in the SM)



Old slid
e

Tension(s) in 𝑏 → s decays ?
Neutral Currents   & Loop level



Excitement



courtesy of Marco Ciuchini



Harakiri!
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BR(Bs ! µµ)exp = (3.41± 0.29)⇥ 10�9 9%
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BR(Bs ! µµ)SM = (3.47± 0.14)⇥ 10�9 4%



Courtesy by L. Silvestrini



Bs → 𝜇𝜇𝛾 @ high-q2: in this range  the observables  depend on the 
same short distance effects as those  present in B → K(*) l+l- but long 
distance  contributions are espected to be rather small

1
3

Theoretical  progresses: 
First lattice calculation by the 

Rome-Southampton Collaboration 
G. Gagliardi et al. (2402.03262)

LHCb Coll., talk by I. Bachiller @ La Thuile 2024

Look for  complementary 𝑏 → s transitions

Guadagnoli, Normand, Simula, Vittorio,
JHEP ‘23 [2308.00034]



Charming Penguins Diagrams
(previously neglected)



Charming Penguins Diagrams: 
HLT & R. Frezzotti et al  Spectral-function determination of complex
electroweak amplitudes with lattice QCD
Phys. Rev. D 108 (2023) 074510, [arXiv:2306.07228].

T-product of two ops



Charming Penguins Diagrams: 
T-product of 3 ops
6 time orderings

+ renormalisation of power divergences+ lattice 
mixing among operators + matching to the continuum
Wilson coefficients of the effective Hamiltonian +
the numerical calculation

we have a signal 



This approach can be generalized to n-operators

Although it becames quite scaring (see Patella and Tantalo) 

G. Gagliardi et al.
in preparation 
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B ! K⌫⌫̄

Anomalies or Theory/Exps Uncertainties ?



…. beyond
 the Standard Model



1. The CKM phase is different from zero
2. The CKM phase is the dominant source of CP violation at low energy
3. No evidence for corrections to CKM 
4. NP contributions to observed  FCNC  at most comparable (smaller) than the CKM ones
5. NP contributions  very small in  s->  d,  c ->  u , b -> d, b -> s



Constrains on NP from UTfit



New local four-fermion operators are generated
Q1 = (bL

A gµ dL
A) (bL

Bgµ dL
B)    SM

Q2 = (bR
A  dL

A) (bR
B dL

B) 
Q3 = (bR

A dL
B) (bR

B dL
A) 

Q4 = (bR
A dL

A) (bL
B dR

B) 
Q5 = (bR

A dL
B) (bL

B dR
A) 

+ those obtained by  L  « R

Similarly for the s quark     e.g.
(sR

A  dL
A) (sR

B dL
B) 

 







Beyond the SM 

2023



1) NP must explain the strong hierarcy of the 
Fermion couplings/masses

2) If the scale of NP it is not too high it must 
suppresses FCNC processes at an accettable 
level 
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Yb ⇠ 10�2 Ys ⇠ 10�3 Yd ⇠ 10�5
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Y⌧ ⇠ 10�2 Yµ ⇠ 10�3 Ye ⇠ 10�6

<latexit sha1_base64="OSwONGwcn7lSqVzYDN5S0/P7jb8=">AAACY3icbVFLSwMxGMyur9r6WKs3EYJF8FR2S1GPohePCrYK3WXJZtM2NPto8kWoS/+kN29e/B9m3SLaOhAYZubLYxLlgitw3XfLXlvf2NyqbdcbO7t7+85Bs68yLSnr0Uxk8jkiigmesh5wEOw5l4wkkWBP0eS29J9emFQ8Sx9hlrMgIaOUDzklYKTQefWNC7gfFlrNK+4rnmC33cHYn041ifFPhEZ/I253JaKXIybzsxH2YyaAVJ4XOq3SL4FXibcgLbTAfei8+XFGdcJSoIIoNfDcHIKCSOBUsHnd14rlhE7IiA0MTUnCVFB8dzTHZ0aJ8TCTZqWAv9XfEwVJlJolkUkmBMZq2SvF/7yBhuFVUPA018BSWh001AJDhsvCccwloyBmhhAqubkrpmMiCQXzLXVTgrf85FXS77S9i7b30G1d3yzqqKFjdIrOkYcu0TW6Q/eohyj6sDatfcuxPu2G3bSPqqhtLWYO0R/YJ1/RtbQs</latexit>

|Vus| ⇠ 0.2 |Vcb| ⇠ 0.04 |Vub| ⇠ 0.004 � ⇠ 1
<latexit sha1_base64="G4a9XVQ0Z3+D7bPl0PiyJcyM0+Q="></latexit>

0.1 ⇠ g0 , g , gs , � ⇠ 1.
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FUTURE, BSM: It is difficult to make predictions,
especially about the future 

It is time to 

leave you in 

the hands of 

R. Barbieri



If these ideas corrects, new non-standard effects should emerge soon both at
low and at high energies ( → very interesting opportunities for run-3...).



absence says more than presence
FRANK HERBERT

(Dune)

THANKS FOR YOUR ATTENTION


