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Unitarization of the Fermi theory:
New Physics at  102 GeV  (indirect evidence)



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



indirect evidence
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PREDICTIONS



PRESENT:the Standard Model and 
beyond
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Possible breaking of 
accidental 
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Buchmuller&Wyler  ’88

Higgs meson 2012

neutral currents 1973
charm quark 1974

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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courtesy of B.A. Stefanek

The Higgs introduces the only known non-gauge couplings

Higgs  couplings are not 
flavor blind

flavor blind and CP conserving
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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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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
(Qj

L )´ = Uij
L Qj

L

Uj
Ldk

L

g
Ui

L



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 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



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



  1 - 1/2 λ2          λ A λ3(ρ - i η)   

      - λ    1 - 1/2 λ2     A λ2

    A λ3   ×
  (1- ρ - i η)

     -A λ2         1

+ O(l4)

The Wolfenstein Parametrization 

l ~ 0.2   A ~ 0.8    
h ~ 0.2   r ~ 0.3 

Sin q12 = l
Sin q23 = A l2

Sin q13 = A l3(r-i h)

Vtd

Vub

It is really of
O(l3)?



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 



The extraordinary progress  of the experimental 
measurements requires accurate theoretical predictions 

Precision flavor physics requires the control of hadronic 
effects for which lattice QCD simulations are essential

BSM

SM

What can be computed and 
What cannot be computed 



Leptonic (π,K,D,B)

Semileptonic (K,D,B)

Non-leptonic
but only below the 
inelastic threshold
(may be also
3 body decays)

B -> ππ,Kπ, etc.  No-> maybe !

(some) Radiative and Rare    long distance effects
(also K -> π l+l- )

Neutral meson mixing (local)

What can be 
computed and 
What cannot be 
computed 



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) 
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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

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

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



B → D*ℓ𝜐

7

Teor.:                Exp.:
  0.262(9)         0.284(12)  

G. Martinelli, S. Simula, LV, arXiv:2310.03680

Compatibles @ 1.5σ 

i)  The form factors from different lattice   calculations  are compatible among  them  at 
small  recoil (w ≤ 1.2); 
ii) The band of  the extrapolated values of F1(w) by JLQCD significantly differs from  
FNAL/MILC and differs from HPQCD

FNAL/MILC:
EPJC ‘22 
(arXiv:2105.14019)

HPQCD:
arXiv:2304.03137

JLQCD:
PRD ‘24
arXiv:2306.05657 

Important differences among different lattice calculations



Vcb and Vub

|Vcb| (excl) = (39.44 ± 0.63) 10-3

|Vcb| (incl) = (42.16 ± 0.50) 10-3

|Vub| (excl) = (3.74 ± 0.17) 10-3

|Vub| (incl) = (4.32 ± 0.29 ) 10-3

|Vub / Vcb| (LHCb) = (9.46 ± 0.79) 10-2

from FLAG 2021

from Bordone et al.
arXiv:2107.00604

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

From Bs to K at high q2

NEW (8.27 ± 1.17) 10-2

Utfit Prediction Vcb= (42.22 ± 0.51) 10-3 Vub= (3.70 ± 0.11) 10-3

~ 3.2s discrepancy

from GGOU HFLAV 2021
adding a flat uncertainty
covering the spread
of central values

~1.6s discrepancy

From global SM fit |Vcb| = (42.00 ± 0.47) 10-3  |Vub| = (3.715 ± 0.093) 10-3 

NEW (40.6 ± 0.46) 10-3

NEW (3.64 ± 0.16) 10-3

NEW (4.13 ± 0.26) 10-3

Redundancy fundamental



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 =   (8.27 ± 1.17) 10-2
FLAG UNDERESTIMATES OF THE UNCERTAINTY
The larger error reduces the correlation between Vub nd Vcb

Utfit Prediction Vcb= (42.21 ± 0.51) 10-3

Vub= (3.70 ± 0.09) 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



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
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Old slid
e

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



Excitement





Harakiri!
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Radiative,Bsmumu(+Gamma)

3.2 3.4 3.6 3.8

9−
10×

)µµ→
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0BR(B
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still

theoretical estimates of 

unnown amplitudes

Corfu  2023

anomalies hunters never surrender



But … really a reliable estimate of uncertainties
is missing and theory must be improved otherwise

we will continue to generate anomalies out of 
our ingnorance





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]
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B → K(*)𝜐𝜐 : short distance contributions dominate

Main uncertainties 

1. |Vcb|

2.  Form factors

D. Becirevic, G. Piazza & O. Sumensari, EPJC ‘23 [arXiv:2301.06990]

Phys.Lett.B 848 (2024) 138411   2309.02246 * 

Belle-II Collaboration, arXiv:2311.14647 

Look for  complementary 𝑏 → s transitions

Jernej F. Kamenik(Frascati Christopher Smith(Karlsruhe U., TTP
Phys.Lett.B 680 (2009) 471-475  0908.1174 [hep-ph]

SM prediction  *

Tension in B → K𝜐𝜐: 
2.8𝜎

https://arxiv.org/abs/2309.02246
https://inspirehep.net/authors/1033909
https://inspirehep.net/institutions/902807
https://inspirehep.net/authors/988341
https://inspirehep.net/institutions/907966
https://arxiv.org/abs/0908.1174


Tensions with the unitarity of the first CKM row ?

16

M. Gorshteyn, talk @ CKM23 conference 

Courtesy of L. Vittorio

Both theory and 
experiments
demands a closer
scrutiny of
systematic errors



Determina6on of |Vud| e |Vus|

|Vud|

- Nuclear decays       0+-0+ (es.: 14O → 14N) 

-   Neutron  𝞫 decay

- 𝜋+ → 𝜋0 e+ 𝜐:

ETMC Collaboration [arXiv:2403.05404]

M. Gorshteyn, talk @ CKM23 conppference 

17

|Vus|



Marco Ciuchini Page 54KEK-FF 2013

r = 0.160 ± 0.009   h = 0.345 ±0.011  

Consistence on an
over constrained fit

of the CKM parameters

2023 results  
In the 
hadronic 
sector,  the 
SM CKM  
pattern 
represents 
the 
principal 
part of the 
flavor 
structure 
and of  CP 
violation 

a = (92.4  ±  1.4 )0 
sin2b = 0.703 ± 0.014
b = (22.46  ±  0.68 )0 
g = (65.1 ±  1.3)0 
A = 0.828 ± 0.011

 λ = 0.22519 ± 0.00083 
2022

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



r = 0.160 ± 0.009  
h = 0.345 ±0.011  

2024 analysis 
in preparation



Marco Ciuchini Page 56KEK-FF 2013
2016

Experimental progress so impressive that we can fit
the hadronic matrix elements (in the SM)
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…. 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 m 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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|Vus| ⇠ 0.2 |Vcb| ⇠ 0.04 |Vub| ⇠ 0.004 � ⇠ 1
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FUTURE, BSM: It is difficult to make predictions,
especially about the future 



Let us discuss just an example to show the difficulties to construct a 
model that can survive the Utfit constraints  







Different schemes are at hands
Courtesy by R. Barbieri



One possibility



But life is hard 

vector like Fermions will make happy some collegues  



and some amout of fine tuning still necessary 
some of the y  ∽ 0.1 ; v2/v1 ∽ 10  etc.



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









Inputs are slighly different from what HFLAV because for the BR averages we use the 
PDG (with the error inflation if there is a tension), while HFLAV would use their averages 
without error inflation.
So the pipi BR inputs are slightly different.   We  also use the updated rhopi.

HFLAV
It seems that the reason  why  the combination falls on the pipi solution on the left of the 
rhorho peak (while the right solution would be just as probable and even not 
distinguishable) is due to the small bump from the rhopi distribution which instead goes 
to zero for the pipi solution on the right.



See talk by G. D’Ambrosio
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Mainly due  to F1(w)

GM,S. Simula,L.Vittorio
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New theoretical approaches
in semileptonic B →D, D* decays Pagina 88

State-of-the-art of the semileptonic B → {D(*),𝜋} decays
Two  cri(cal issues

• Vcb

•                 

tension
2022



Courtesy by Gambino        EXP 0.284 \pm 0.013

FNAL 0.275 \pm 0.008
JLQCD 0.248 \pm 0.008
HPQCD 0.276 \pm 0.009





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)

Raffelt

See  several  
talks on axions 
tomorrow  



B meson real photon emissions
Factorization at leading power in an expansion of the decay amplitude
in ΛQCD/Eγ and  ΛQCD/mb has been established to all orders in the strong 
coupling αs.   In this approximation, the branching fraction depends only on the 
leading-twist B-meson light-cone distribution amplitude (LCDA) 

More precisely, it is 
proportional  to 1/λB , the 
most important LCDA 
parameter in exclusive 
decays, is   uncertain by a 
large factor ranging from 
200 MeV favoured by 
non-leptonic decays to 
460 MeV from QCD  
sum rules. 

The radiative leptonic 
decay has therefore been 
suggested 
as a measurement of  λB  



Further applications in decays of heavy neutral B mesons:
Virtual corrections (some questions still open) 

is this really 
reabsorbed in the 
coefficient of O9?
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Further applications in decays of heavy neutral B mesons:
real corrections (some questions still open)



Roman Zwicky@ Tenerife

F(q2, k2)

Xin-Yu Tuo et al. arXiv:2103.11331
G. Gagliardi et al. arXiv:2202.03833 [hep-lat]

https://inspirehep.net/authors/1712065









