
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

<latexit sha1_base64="SDPNcrePft795BLmdj5+ftIyRb8=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVVIhYKxggLFI9CE1aeS4TmtqO5HtIFVpVxZ+hYUBhFj5Azb+BrfNAC1HsnR0zr26PidMGFXacb6tpeWV1bX1wkZxc2t7Z9fe22+oOJWY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ6uJn7zgUhFY3GnhwnxOeoJGlGMtJECG3rXiHMEvUTGiY7hqBFk9H486lQgjIJapxLYJafsTAEXiZuTEshRC+wvrxvjlBOhMUNKtV0n0X6GpKaYkXHRSxVJEB6gHmkbKhAnys+mScbw2ChdGMXSPKHhVP29kSGu1JCHZpIj3Vfz3kT8z2unOrrwMyqSVBOBZ4eilEETeVIL7FJJsGZDQxCW1PwV4j6SCGtTXtGU4M5HXiSNStk9K7u3p6XqZV5HARyCI3ACXHAOquAG1EAdYPAInsEreLOerBfr3fqYjS5Z+c4B+APr8wcwaZld</latexit>

� / |Vij |2f2
P

from lattice 
calculations



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

from lattice 
calculations
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Non-leptonic Decays
Penguins contractions and all that 



Non-leptonic Decays
Penguins contractions and all that 

annihilations



Non-leptonic Decays
Penguins contractions and all that 

penguin contractions



All Topologies



All Topologies

for heavy mesons many  particles in the final state



Rare Penguin Radiative Decays
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B+ ! K(⇤)+� B+ ! K(⇤)+µ+µ�



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



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
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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) IQi (µ) I 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) IQi (µ) I 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 IQ i (µ)I K ›

= Zik(µ a) ‹ (π π)I=0,2 IQ k (a)I 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



Courtesy by Xu Feng



New local four-fermion operators are generated

Q1 = (sL
A gµuL

B) (uL
BgµdL

A)          Current-Current 
Q2 = (sL

A gµuL
A) (uL

BgµdL
B)

Q3,5 = (sR
A gµdL

A)∑q (qL,R
B gµqL,R

B)       Gluon 
Q4,6 = (sR

A gµdL
B)∑q (qL,R

B gµqL,R
A)      Penguins

Q7,9 = 3/2(sR
A gµdL

A)∑q eq (qR,L
B gµqR,L

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

A gµdL
B)∑q eq (qR,L

B gµqR,L
A)    Penguins

+ Chromomagnetic end electromagnetic operators 



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

s

Complex DS=1 effective 
coupling

K

p

p

s
u



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- )



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

Neutral meson mixing (local)

B -> ππ,Kπ, etc.  No !

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



courtesy of P. Gambino



courtesy of P. Gambino



Gagliardi – Pisa  February 2023



Large invariant mass
intermediate state when 
q^2 large

Radiative decays 



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





Recent developments in Flavor physics, the Unitarity 
Fit,  Anomalies 

(Much  ado about nothing) and all that
Guido Martinelli

INFN Sezione di Roma
Università La Sapienza 

Monopoli 20  September  2023



CKM

THE

www.utfit.org

M.Bona, M. Ciuchini, D. Derkach, F. Ferrari, E. Franco, 
V. Lubicz, G. Martinelli, D. Morgante, M. Pierini, 

L. Silvestrini, S. Simula,  C. Tarantino, V. Vagnoni, 
M. Valli, and L.Vittorio



• General introduction to the 
Unitary Triangle Fit

• SM Analysis 
• Tensions and unknown
• Future directions, new/old  

ideas
• Conclusion

Thanks to 
M. Bona, A. Di Domenico, C. Kelly, V. 
Lubicz, C. Sachrajda, L. Silvestrini, S. 
Simula, L. Vittorio 

Rend.Lincei Sci.Fis.Nat. 34 (2023) 37-57
arXiv:2212.03894

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

With respect to the 
published paper several  
theoretical and 
experimental new unputs 
and updated results  



Lquarks =   Lkinetic + Lgauge + LYukawa

Flavor physics in the Standard Model 
In the SM,  the quark mass matrix,  from which the CKM 
matrix and CP violation originate,  is  determined by the 
coupling of the Higgs boson to fermions.

CP invariant
CP and symmetry breaking 
are striclty correlated

EWSB has many accidental 
simmetries may violate 

accidental 
simmetries



•Provides the best determination of the CKM parameters;
•Tests the consistency of the SM (``direct” vs ``indirect”
determinations) @  the quantum level;
•Provides predictions for SM observables (in the past for 
example sin 2β  and   Δms )
• It could lead to new discoveries (CP violation, Charm, !?)
•The discovery potential of precision flavor physics should not 
be underestimated

STANDARD MODEL 
UNITARITY  TRIANGLE ANALYSIS
(Flavor Physics)  



Courtesy by M. Pierini

PREDICTIONS



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

Almost no CP violation at tree level 

Flavour Physics is extremely
sensitive to New Physics (NP)

In competition with 
Electroweak Precision  
Measurements



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 !



RARE DECAYS WHICH ARE ALLOWED
IN THE STANDARD MODEL

FCNC:
qi     ->  qk   +    n n

qi     ->  qk   +    l+ l-

qi     ->  qk   +    g

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

THUS THEY ARE  SENSITIVE TO 
NEW PHYSICS





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



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

z , g , g

Qj
Lqj

L

FCNC

or Rotate by the same 
matrices
the SUSY partners of 

the u- and d- like quarks
(Qj

L )´ = Uij
L Qj

L
Uj

LUi
L dk

L

g



In the latter case the Squark Mass
Matrix is not diagonal

(m2
Q )ij = m2

average 1ij + Dmij
2      dij = Dmij

2 / m2
average





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

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)



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









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.



Di Palma and Silvestrini in preparation
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� from B ! D(⇤)K(⇤)

Very old slid
es





Repeat with several fCP final states



59(16)Using also the Dalitz
Plot Method

Tree level diagrams, 
not influenced by new 
physics



Only tree level processes



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
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Courtesy by G. D’Ambrosio



Marco Ciuchini Page 70KEK-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  



Marco Ciuchini Page 72KEK-FF 2013
2016

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





To be updated

December 2022



2022



2023



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 (40.55 ± 0.46) 10-3

NEW (3.64 ± 0.16) 10-3

Vcb| (incl) = (41.69 ± 0.63) 10-3

from Bernlochner et al.
arXiv:2205.10274



WORK IN PROGRESS       (G.M., S.Simula, L.Vittorio)

RBC/UKQCD

NEW                           Vcb=    (40.55 ± 0.46) 10-3  

EXCLUSIVE 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 

INCLUSIVE (42.16 ± 0.50) 10-3 (41.69 ± 0.63) 10-3
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Mainly due  to F1(w)

GM,S. Simula,L.Vittorio 
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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.

e’/e   from RBC now in  Utfit:
e’/ e= 15.2(4.7) x10-4
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Courtesy by G. D’Ambrosio



Exclusive semileptonic B → {D(*),𝜋} decays 
through unitarity (and other developments)

Work in collaboration with  M. Naviglio. S. Simula and L.  Vittorio
(PRD ’21 (2105.02497), PRD ’21 (2105.07851), PRD ’22 (2105.08674), 2109.15248, 2204.05925, 2202.10285)

See talk by A.  Vaquero

Mr. Nosferatu
from Transylvania





courtesy of J. Flynn

small q2  large discretization systematics

Kinematical  constraint f0(0) = f+(0)



Analytic structure of the Form Factors



BGL used by almost all the FF studies in  the past (CLN)

courtesy of J. Flynn













problems with lattice  calculations  vs experimental data 



New theoretical approaches
in semileptonic B →D, D* decays Pagina 95

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



SU(3) breaking effects need further investigation
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RADIATIVE CORRECTIONS
The accuracy of lattice calculations of the hadron spectrum (and hence
of the quark masses) and of the decay constants and form factors is
such that isospin breaking and em effects cannot be neglected
anymore:

fπ = 130.2(0.8) MeV ε =0.6% fK = 155.7(0.3) MeV ε =0.2%

fK/fπ = 1.1932(19) ε =0.16% F Kπ(0) =0.9698(17) ε =0.18%

A remark on useful and useless precision of lattice 
calculations:
1) εK and long distance charm contributions
2) isospin breaking and electromagnetic corrections to fK
and fπ 

Radiative corrections to neutron decay, the Sacred Graal



CKM



From  fK/fπ and  f Kπ(0) we can extract 
Vus/Vud and Vus



NEW: Phys. Rev. D100 (2019) no. 3, 034514

Including radiative corrections



Real photon 
emission



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)
see the talk by L.   Vittorio



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




Courtesy of F. Mazzetti





1 pointlike  f P  +  2  Real Photon Form Factors 
+ 2  Virtual Photon Form Factors



Reasonable agreement with other theoretical  calculations
Less with experimental measurements



as a function of the cutoff on the photon 
energy

Test of
QCD and 
of BSM
contributions





Radiative corrections are the Holy Grail 







|Vud| is extracted from neutron and superallowed Beta decays
The precision of the experiments is such that isospin breaking effects and radiative
corrections are very important
Recent efforts to reduce systematic uncertainties in the calculation of radiative
corrections and in particular the contribution of the box diagrams
Peng-Xiang Ma et al. arXiv:2308.16755v

C. Seng et al. arXiv:1812.03352v3

Czarnecki et al.  arXiv:1907.06737v1



The Effective Hamiltonian

W(q)
s

u

u

d

u

u

d

s

Non-leptonic Decays



physical terms

dangerous terms



Courtesy by A. Buras 2015 

NEW PHYSICS IN 
KAON DECAYS?



Xu Feng Lattice 2017

Phase of final state interaction smaller than the experimental value  







RBC-UKQCD





A second group should do this calculation!!
RBC/UKQCD:   e’/ e= 16.7 x10-4 Utfit:   e’/ e= 15.2(4.7) x10-4



…. beyond
the Standard Model





CP beyond the SM (Supersymmetry)

Spin 1/2         Quarks
qL , uR , dR 

L eptons
lL , eR

Spin   0         SQuarks
QL , UR , DR 

SL eptons
LL , ER

Spin 1      Gauge bosons
W , Z , g , g

Spin 1/2      Gauginos
w , z , g , g

Spin 0      Higgs bosons

H1 , H2

Spin 1/2         Higgsinos 

H1 , H2



I n 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

z , g , g

Qj
Lqj

L

F C NC

or Rotate by the same matrices the SUSY partners 
of the u- and d- like quarks
(Q j

L  )´ = U ij
L Q j

L
U j

LUi
L dk

L

g



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 

2022
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Excitement



Harakiri!





with respect to the, model dependent,  SM inspired theoretical calculations



Penguin Non-local
Contributions

Local
Contributions







absence says more than presence
FRANK HERBERT

(Dune)

THANKS FOR YOUR ATTENTION


