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Classification of the processes   in the SM
Leptonic Decays
the prototype of these decays is given by 

which at the fundamental  level is given by 

Other  possible leptonic decays are given by

the latter process is suppressed by chirality
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Semi-leptonic Decays
these are the better sources to  measure the absolute values of the CKM matrix   elements |V ij|

other possible semi-leptonic decays are the following
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Classification of the processes   in the SM
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B̄ ! D⇤`⌫`



,

|Vcb| extraction from B → D* decay

16

,

- Belle 2023:

- Belle 2018/Belle-II 2023:
Image taken from 

arXiv:1702.01521v2

Belle Collaboration, PRD ‘23 [arXiv:2301.07529]

Belle Collaboration: PRD ‘19 [arXiv:1809.03290]
Belle-II Collaboration: PRD ‘23 [arXiv:2310.01170]

Theoretically (massless lepton limit) :







Non-leptonic Decays
Penguins contractions and all that 



Non-leptonic Decays
Penguins contractions and all that 



Non-leptonic Decays
Penguins contractions and all that 



All Topologies



All Topologies

for heavy mesons many  particles in the final state



Rare Penguin Radiative Decays
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Flavor Changing Neutral Currents



since  different neutrinos have a mass  and they can mix,
is a possible decay which satisfies all the symmetry 

constraints 
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µ ! e�

note that the photon is emitted  by 
the W boson, analogy  radiative B decays

Radiative Penguins
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PENGUINS AND BOXES

Lowest order 
diagrams
QCD corrections at 
NLO  or  NNLO



BOXES
Mixing of Neutral  Mesons

in the case of kaons
also charm and up quarks 
contribute
for D and K meson mixing   
there are important long 
distance contributions

<latexit sha1_base64="KTE134s5ABBsnfKBEZ5iGnmlFf0=">AAACRnicdZBLSwMxFIXv1Fetr6pLN8EiuCozIuqy1C4ENxXsAzpjyaSZNph5kNxRSumvc+PanT/BjQtF3Jo+FtraA4HD+e4lyfETKTTa9quVWVpeWV3Lruc2Nre2d/K7e3Udp4rxGotlrJo+1VyKiNdQoOTNRHEa+pI3/PvLEW88cKVFHN1iP+FeSLuRCASjaKJ23ru+s4kreYBKdHtIlYofietTRcbAzVUW8cqElxfxEWjnC3bRHovMG2dqCjBVtZ1/cTsxS0MeIZNU65ZjJ+gNqELBJB/m3FTzhLJ72uUtYyMacu0NxjUMyZFJOiSIlTkRknH6e2NAQ637oW8mQ4o9PctG4X+slWJw4Q1ElKTIIza5KEglwZiMOiUdoThD2TeGMiXMWwnrUUUZmuZzpgRn9svzpn5SdM6Kzs1poVSe1pGFAziEY3DgHEpwBVWoAYMneIMP+LSerXfry/qejGas6c4+/FEGfgDCaK7x</latexit>

K0 $ K̄0

D0 $ D̄0

B0 $ B̄0

QCD corrections



The Effective Hamiltonian,  Wilson OPE 
and QCD Corrections  

W(q)
s

u

u

d

u

u

d

s



GENERAL FRAMEWORK: 
THE OPE

AFI  (2π4 ) d4 (pF -pI ) =   ò d4x d4y Dµn (x, MW ) 
‹ F |T[ Jµ (y+x/2) J†

n (y-x/2)] | I › 
‹ F | HDS=1 | I › = 
GF/√2 Vud Vus

*      Si Ci (µ) ‹ F | Qi (µ) | I ›
                                                    (MW) 

di-6

di= dimension of the operator Qi (µ) 
Ci (µ) Wilson coefficient: it depends on MW /µ and aW (µ)
Qi (µ)  local operator renormalized at the scale µ
 



GENERAL FRAMEWORK

HDS=1 = GF/√2 Vud Vus
*[ (1-t) Si=1,2 zi (Qi -Qc

i) + 
t Si=1,10 ( zi + yi ) Qi  ]

�Where yi and zi are short distance coefficients, 
which are known  in perturbation theory at the NLO        
(Buras et al. + Ciuchini et al.)
                                t = -Vts

*Vtd/Vus
*Vud 

We have to compute AI=0,2
i= ‹ (π π)I=0,2 | Q i | K ›

 with a non perturbative technique  (lattice,
  QCD sum rules, 1/N expansion etc.)



A0  =  ∑i  Ci(µ) ‹ (π π) | Qi (µ) | K ›I=0 (1- WIB)
 

µ = renormalization scale
µ-dependence cancels  if operator
matrix elements are consistently
computed

ISOSPIN 
BREAKING

A2 = ∑i  Ci(µ) ‹ (π π) | Qi (µ) | K ›I=2
 WIB  = 0.25± 0.08 (Munich from Buras & Gerard)

          0.25± 0.15 (Rome Group)     0.16± 0.03 (Ecker et al.)
          0.10± 0.20  Gardner & Valencia, Maltman & Wolf, Cirigliano & al.



AI=0,2
i (µ) =‹ (π π)I=0,2 | Q i (µ) | K ›

          = Zik(µ a) ‹ (π π)I=0,2 | Q k (a) | K ›
Where Q i (a) is the bare lattice operator
And a the lattice spacing. 

   The effective Hamiltonian can then be read as:
‹ F | HDS=1 | I › = GF/√2VudVus

*Si Ci (1/a) ‹ F | Qi (a) | I ›
                                                                   

In practice the renormalization scale (or 1/a) are the scales 
which separate short and long distance dynamics 



GENERAL FRAMEWORK

‹ HDS=1 › = GF/√2 Vud Vus
* ... Si Ci (a) ‹ Qi(a) ›

MW = 100 GeV

a-1 =  2-5 GeV 

LQCD , MK  =  0.2-0.5 GeV 

Effective Theory - quark & gluons

Hadronic non-perturbative region



Large mass scale: heavy degrees of 
freedom (mt , MW, Ms ) are removed and
their effect included in the Wilson
coefficients

renormalizazion scale µ (inverse lattice
spacing 1/a);  this is the scale where
the quark theory is matched to the 
effective hadronic theory 

100 GeV

1-2 GeV

Scale of the low energy process
L  ~ MW

THE SCALE PROBLEM:   Effective theories prefer low scales, 
                                        Perturbation Theory prefers  large scales



if the scale µ is too low
problems from higher dimensional operators
(Cirigliano, Donoghue, Golowich)
- it is illusory to think that the problem is solved by using dimensional
 regularization

on the lattice this problem is called
           DISCRETIZATION ERRORS
(reduced by using improved actions and/or scales µ > 2-4 GeV



New local four-fermion operators are generated

Q1 = (sL
A gµ uL

B) (uL
Bgµ dL

A)          Current-Current 
Q2 = (sL

A gµ uL
A) (uL

Bgµ dL
B)

 
Q3,5 = (sR

A gµ dL
A)∑q (qL,R

B gµ qL,R
B)       Gluon 

Q4,6 = (sR
A gµ dL

B)∑q (qL,R
B gµ qL,R

A)      Penguins

Q7,9 = 3/2(sR
A gµ dL

A)∑q eq (qR,L
B gµ qR,L

B)  Electroweak
Q8,10 = 3/2(sR

A gµ dL
B)∑q eq (qR,L

B gµ qR,L
A)    Penguins

+ Chromomagnetic end electromagnetic operators 



Courtesy by Xu Feng



CP   Violation in the Neutral Kaon System

h+- =
 ‹p+p-| HW  | KL ›

         ‹p+p-| HW  | KS ›

h00 =
 ‹p0p0| HW  | KL ›

          ‹p0p0| HW  | KS ›
~ e - 2 e´

~ e +  e´

Expanding in several “small”
quantities

Conventionally:
| KS › = | K1 ›CP=+1   + e | K2 ›CP= - 1

| KL › = | K2 ›CP= - 1   + e | K1 ›CP= + 1 



| KL › = | K2 ›CP= - 1

HW

CP= + 1

p

p

Indirect CP violation: mixing

HW

K0 K0

DS=2

s

d

d

s

W

W( O )
Complex DS=2 effective 
                       coupling 

Box diagrams:
They are also responsible
   for B0 - B0 mixing
             Dmd,s

u,c,t

eK



| eK |  ~   Ce  A2 l6  s sin d  
 {F(xc , xt)+ F(xt)[A2 l4   (1- s cos d)] - F(xc)}
   BK    
  Inami-Lin 

Functions + QCD
Corrections (NLO)

Ce    = 
G2

F M2
W MK f2

K 

6 √2 p2 DMK

‹ K0 | ( s gµ (1 - g5 ) d )2 | K0 › = 8/3 f2
K M2

K BK 

h= s sin d   r = s  cos d



B0 - B0 mixing

b

d

d

b

W

W

(

O

) DB=2 Transitions

B0 B0

H = H11 H12

H21 H22

Heff
DB=2 = 

t

G2
F M2

W

16 p2
Dmd,s = A2 l6 Ftt (      ) m2

t

M2
W

µ ( d gµ (1 - g5 ) b )2 

< O >
CKM

Hadronic 
matrix
element



| KL › = | K2 ›CP= - 1

HW CP= + 1

p

p

Direct CP violation: decay

Complex DS=1 effective 
 coupling 

K

p

p

s
d



LCP = LDF=0 + L DF=1 + L DF=2

DF=0      de < 1.5 10-27 e cm        dN < 6.3 10-26 e cm

DF=1         e ' / e 
+ B decays (see later)

DF=2               e       and       B       J/y Ks



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 



Semileptonic (K,D,B)

Leptonic (π,K,D,B)

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



Neutral meson mixing (local)

B -> ππ,Kπ, etc.  No   May be! 

+ some long distance contributions to K and D neutral 
meson mixing + short distance contributions to B-> K(*) l+l-

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

changing



courtesy of P. Gambino



courtesy of P. Gambino



Gagliardi – Pisa  February 2023More at the IFIC Colloquium



Large invariant mass
intermediate state when 
q^2 large

Radiative decays  (new paper 
also disconnected diagrams)



The disconnected contribution is very small and 
negligible within the current uncertainties of the quark-connected contribution



sin 2b  is measured directly  from B       J/y Ks
decays at Babar & Belle

                G(Bd
0       J/y Ks , t) - G(Bd

0       J/y Ks , t) AJ/y Ks =
G(Bd

0       J/y Ks , t) + G(Bd
0       J/y Ks , t)

AJ/y Ks = sin 2b   sin (Dmd t) 



DIFFERENT LEVELS OF THEORETICAL 
UNCERTAINTIES (STRONG INTERACTIONS)

1) First class  quantities, with reduced or  negligible  
uncertainties

2) Second class  quantities, with theoretical errors of O(10%) 
or  less that can be
reliably estimated

3) Third class  quantities, for which theoretical predictions 
are model dependent (BBNS, charming, etc.) 

In case of discrepacies we cannot 
tell whether is new physics or
we must blame the model



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





CKM

THE

www.utfit.org

M.Bona, M. Ciuchini, D. Derkach, R. Di Palma, F. Ferrari, 
V. Lubicz, G. Martinelli, M. Pierini, L. Silvestrini, S. Simula, 

A. Stocchi, C. Tarantino, V. Vagnoni, 
M. Valli, and L.Vittorio



Sin q12 = l
Sin q23 = A l2

Sin q13 = A l3(r-i h)
!13 = " = #3



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 



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

5

Tension(s) in ! → " decays ? Charged Currents   & Tree level

2. Lepton Flavor Universality Violation

HFLAV Collaboration, PRD ‘23 [arXiv:2206.07501] (updated plot) 
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BR(
K
+ ! ⇡

+ ⌫⌫̄) /
|Vcb|

2



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

Klaver S & Rotondo M,
doi 10.3390/sym16080964



64Marcella 
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Unitarity Triangle 
update

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
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Unitarity Triangle 
update

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 Analyses (G.M., S.Simula, L.Vittorio 2310.03680)

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

NEW   Vub/Vcb =   (8.7 ± 0.9) 10-2
FLAG UNDERESTIMATES OF THE UNCERTAINTY
The larger error reduces the correlation between Vub and 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 ! difference
Finauri & Gambino  2310.20324

|Vcb| (incl) = (41.69 ± 0.63) 10-3

2.0 ! difference 
F. Bernlochner etal. 2205.10274

see also 
e-Print: 2409.10492

2410.17974
from the total width      Vcb= (39.7 ± 0.8) 10-3

https://arxiv.org/abs/2409.10492
https://arxiv.org/abs/2410.17974


is the forward-backward
asymmetry with respect to   

<latexit sha1_base64="oFGMRgt51K5B+w+3Ib5RjC1sKCE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVUY8xgniMYB6QhDA7mU2GzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dfiyFQdf9dpaWV1bX1nMb+c2t7Z3dwt5+3USJZrzGIhnppk8Nl0LxGgqUvBlrTkNf8oY/vJn4jSeujYjUA45i3glpX4lAMIpWal5309vKqRx3C0W35E5BFomXkSJkqHYLX+1exJKQK2SSGtPy3Bg7KdUomOTjfDsxPKZsSPu8ZamiITeddHrvmBxbpUeCSNtSSKbq74mUhsaMQt92hhQHZt6biP95rQSDq04qVJwgV2y2KEgkwYhMnic9oTlDObKEMi3srYQNqKYMbUR5G4I3//IiqZ+VvIuSd39eLFeyOHJwCEdwAh5cQhnuoAo1YCDhGV7hzXl0Xpx352PWuuRkMwfwB87nD1zsj4g=</latexit>

AFB,l
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P⌧ (D
⇤)
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F`,⌧

is the        polarization 

<latexit sha1_base64="Mcj68PKA8bmsWVMeRuRTVfn8FHI="></latexit>

z = cos ✓` AFB,` =

R 0
�1 dz

d�
dz �

R 1
0 dz d�

dz

�
<latexit sha1_base64="qoN/HomgSyXMF0R0PT0Dvn9maSc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1X3Hi5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASMljk4=</latexit>⌧

is the fraction of  longitudinal 
polarization of the D* with a 
lepton/tau in the final state
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As done for semileptonic B → D decays, we can immediately compute the theor. expectation values of several quantities: 
FL
! in two q2 bins

q2 < 7 GeV2 q2 > 7 GeV2

[13, 14]: Belle23 and BelleII23 [38]: Belle Coll., PRL ‘17 [1612.00529] 
[36]: HFLAV Coll, PRD ‘23 [2206.07501]    [39]: Belle Coll., arXiv:1903.03102
       [40]: LHCb Coll., arXiv:2311.05224

[40] [40]

less than 2σ difference 

R(D*) and the polarization observables

G. Martinelli, S. Simula, LV, EPJC ‘24 [arXiv:2310.03680]

measurements in the "-sector

2.4σ tension 

Speculations of New Physics coupled to 
light lepton generations?

M. Jung and D. Straub, JHEP ‘19 [1801.01112] 
M. Fedele et al, PRD ’23 [2305.15457]
P. Colangelo et al, PRD ’24 [2401.12304]



S Klaver and M Rotondo
doi 10.3390/sym16080964

2023
2024



2023
2024

From the nice review S 
Klaver and M Rotondo
doi
10.3390/sym16080964

Flag 2024  R(D) 0.294(5)  

R(D*)=0.258(5) 2+1 ; 0.275(15) 2+1+1

-> 259(5) 



contours correspond to 68% CL, SM predictions fitting together
data and FFs give a deviation of 3.3 sigma (HFLAV) ,  LQCD only 2.5 sigma

R(D) stable in different calculations.
S Klaver and M Rotondo
doi 10.3390/sym16080964
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Polarization observables    AFB vs FL

Relevant differences exist also among different experimental 
(and not only lattice) datasets, this is an impediment to look

for new physics

G. Martinelli, S. Simula, LV, arXiv:2409.10492



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



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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A second group should do this calculation!!



Marco Ciuchini Page 75KEK-FF 2013

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



76Marcella 
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
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Unitarity Triangle 
update

Some interesting configurations 

Sides and eK
r = 0.176 ± 0.015
h = 0.377 ± 0.022 

“Tree only”
r = ±0.156 ±
0.024
h = ±0.372 ±
0.035

→ reference
for model
building

Angles only
r = 0.144 ± 0.016
h = 0.343 ± 0.012 

CP conserving
constraints
r = 0.170 ± 0.017
h = 0.361 ± 0.035 
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Unitarity Triangle 
update

Observables Measurement Prediction Pull (#s)
sin2b 0.692 ± 0.019 0.763 ± 0.030 ~ 2

g 67.2 ± 2.9 65.6 ± 1.4 < 1

a 95 ± 8 91.4 ± 1.4 < 1

|Vcb| · 103 41.20 ± 0.74 42.19 ± 0.48 ~ 1.1

|Vcb| · 103 (excl) 40.13 ± 0.55 ~ 2.8

|Vcb| · 103 (incl) 41.97 ± 0.48 < 1

|Vub| · 103 3.84 ± 0.35 3.72 ± 0.10 < 1

|Vub| · 103 (excl) 3.57 ± 0.23 - < 1

|Vub| · 103 (incl) 4.13 ± 0.26 - ~ 1.4
BR(B ® tn)[104] 1.09 ± 0.24 0.88 ± 0.05 < 1

Result summary



Marco Ciuchini Page 79KEK-FF 2013
2016

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

UTfit results across the years: 
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Unitarity Triangle 
update

UTfit and experimental results across the years: 
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Unitarity Triangle 
update

Compatibility plots 
A way to “measure” the agreement of a single measurement with the indirect determination 
from the fit using all the other inputs: test for the SM description of the flavour physics
Colour code: agreement between the predicted values 
and the measurements at better than 1, 2, ...ns

The cross has the coordinates (x,y)=(central 
value, error) of the direct measurement

gexp = (67.2 ± 2.9)°
gUTfit = (65.6 ± 1.4)°

aexp = (95 ± 8)°
aUTfit = (91.4 ± 1.4)°

∗ = HFLAV

g = (68.4 ± 2.6 )° F. Betti et al. e-Print: 2409.06449 [hep-ph]

https://arxiv.org/abs/2409.06449
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Unitarity Triangle 
update

Checking the usual tensions.. 

sin2bexp = 0.692 ± 0.019
sin2bUTfit = 0.763 ± 0.030

Vubexp = (3.84 ± 0.35) · 10-3
VubUTfit = (3.72 ± 0.10) · 10-3

Vcbexp = (41.20 ± 0.74) · 10-3
VcbUTfit = (42.19 ± 0.48) · 10-3

x = exclusive
∗ = inclusive



Old slid
e

An instructive story:
Tension(s) in $ → s decays ?

Neutral Currents   & Loop level



Excitement





Harakiri!



<latexit sha1_base64="6a74dmEdEci9Z787EM25+4rXMoM="></latexit>

BR(Bs ! µµ)exp = (3.41± 0.29)⇥ 10�9 9%
<latexit sha1_base64="oXeCirBtd1ZgnR+OraA0RDPG7fY="></latexit>

BR(Bs ! µµ)SM = (3.47± 0.14)⇥ 10�9 4%



still

theoretical estimates of 

unnown amplitudes

Corfu  2023

anomalies hunters never surrender

desperately seeking Susan   NP



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



Courtesy by L. Silvestrini

See IFIC 

Colloquium



Bs → ##$ @ 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 $ → s transitions

Guadagnoli, Normand, Simula, Vittorio,
JHEP ‘23 [2308.00034]
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B → K(*)!! : 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 $ → 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 → K%%: 
2.8&

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



Determination of |Vud| and |Vus|

|Vud|

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

-   Neutron  ! decay

- "+ → "0 e+ #:

ETMC Collaboration [arXiv:2403.05404]

M. Gorshteyn, talk @ CKM23 conppference 
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|Vus|

improvable in the future with PIONEER (2203.01981)



…. 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) 

 







M. Bona et al. (UTfit)
JHEP 0803:049,2008

arXiv:0707.0636At the high scale
new physics enters according to its specific features

At the low scale
use OPE to write the most
general effective Hamiltonian.
the operators have different
chiralities than the SM
NP effects are in the Wilson
Coefficients C

Testing the new-physics scale  

Fi:  function of the NP flavour couplings
Li:  loop factor (in NP models with no tree-level FCNC)
Λ:  NP scale (typical mass of new particles mediating ΔF=2 processes)



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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Yt ⇠ 1 Yc ⇠ 10�2 Yu ⇠ 10�5
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Yb ⇠ 10�2 Ys ⇠ 10�3 Yd ⇠ 10�5

<latexit sha1_base64="7xFNtCX0DLT5KbDcSrWjyxlq85Q=">AAACMHicbZDLSgMxFIYz9VbrbdSlm2AR3FhmqlSXRRe6rGAv0qklk6ZtaJKZJhmhDPNIbnwU3Sgo4tanMO10UVsPBH7+7xxOzu+HjCrtOO9WZml5ZXUtu57b2Nza3rF392oqiCQmVRywQDZ8pAijglQ11Yw0QkkQ9xmp+4OrMa8/EqloIO70KCQtjnqCdilG2lht+/q+7WkUQU9RDl3nIT4pJtAbDiPUgQbxWXI6Q0jqp6CUwLaddwrOpOCicKciD6ZVadsvXifAESdCY4aUarpOqFsxkppiRpKcFykSIjxAPdI0UiBOVCueHJzAI+N0YDeQ5gkNJ+7sRIy4UiPum06OdF/Ns7H5H2tGunvRiqkII00EThd1IwZ1AMfpwQ6VBGs2MgJhSc1fIe4jibA2GedMCO78yYuiViy4pYJ7e5YvX07jyIIDcAiOgQvOQRncgAqoAgyewCv4AJ/Ws/VmfVnfaWvGms7sgz9l/fwCHJKmjg==</latexit>

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 



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


