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I	  am	  very	  honoured	  	  
for	  this	  invita2on	  	  
to	  speak	  at	  	  
	  
A tribute to the 
memory of Guido 
Altarelli
	  



                                                           
 

•  The origins: from Fermi to Cabibbo, and then 
     to  Altarelli & Maiani; 
•  QCD and Weak Interactions, the first important steps; 
•  My collaboration with Guido: The (first) calculation of the 

NLO corrections to the Effective Weak Hamiltonian; 
•  The game becomes more complex 
      where we stand now; 
•  Back to Guido A. 
•  Final remarks. 

 
Some of the slides have been taken from a  
talk in honour of Guido by  
Luciano Maiani @ CERN 
 

PLAN OF THE TALK



The Fermi Theory
The first quantitative theory of  
β decays was formulated by  
Fermi who, following Pauli,  
assumed  that a neutral, unobserved particle,  
the neutrino, is emitted together with the electron 
in the process 
 
The interaction is expressed in term of a Hamiltonian given by the 
product of  two terms: the first which induces a transition between the 
initial and final nucleus and a second which creates  the electron-
neutrino pair in analogy with the  electromagnetic transitions A* -> A+γ 
where a photon is created from the vacuum 
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The Fermi Hamiltonian  
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In order to explain the close equality of the muon’s and neutron’s β-decay 
Fermi constants,  R. Feynman and M. Gell-Mann’s proposed  the 
“universality”of weak interactions,  mediated by vector currents, closely 
similar to the universality of the electric charge: a tantalising hint of a 
common origin of the  two interactions 



        Twenty Years ( * 2)  After 
 

Original trasparencies by Cabibbo (2003) 
translated  by G.M. 











Nicola found the solution to the puzzle of strange particle weak decays while in CERN, Geneva. 
He formulated what came to be known as “Cabibbo universality”, in terms of the partially 
conserved currents associated to the Unitary Symmetry, SU3, recently discovered by Gell-Mann 
and by Yuval Ne’eman, and of the axial currents associated with the chiral extension, SU3xSU3. 
He assumed that strangeness changing and non-changing beta decays had to be described by a 
single hadron weak current, the orthogonal combination of the corresponding SU3xSU3 currents, 
determined by a single unknown parameter, the Cabibbo angle L. Maiani Nature 2010 



With a value of sinθ≈0.22 and the use of unitary symmetry, 
Cabibbo could describe the beta decays of strange mesons and 
baryons as well as explain the small discrepancy of the neutron and 
muon Fermi constants, the former being about 2.5% smaller than 
the latter. 
 
 
 The discrepancy had been noticed already by Feynman and was 
being just confirmed by an accurate experiment performed by 
Valentino Telegdi in Chicago 
 
 
 
Later, Cabibbo reformulated the same concept in the quark model, 
as the fact that the weak interaction couples the “up” quark to an 
orthogonal combination of the “down” and “strange” quarks 
determined by the angle θ previously introduced 
	  



•  1954 Yang and Mills Non abelian gauge theories  
•  1961 Glashow   SU(2) ✕ U(1) 
•  1964 Brout& Englert + Higgs  
•  1967 Weinberg + 1968 Salam  Standard Model with all the 

ingredients 
•  1971 t’Hooft and Veltman Renormalizability of  Weinberg-Salam 
•  1972 Bouchiat, Iliopoulos and Meyer Adler anomalies cured by 

leptons and fractionally charged colored quarks 
•  1973 Gross, Wilczek and Politzer Asymptotic Freedom and SU(3)-

QCD  as the theory of strong interactions  

QCD EFFECTS IN WEAK INTERACTIONS 

The Develoment of the Standard Model



The Effective Hamiltonian  

W(q) 
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+ strong interactions







AΔS=1
FI  (2π4 ) δ4 (pF -pI ) = tadpoles + (Higgs scalar exchange) +

  ∫ d4x d4y Dµν (x, MW )  ‹ F |T[ Jµ (y+x/2) J†
ν (y-x/2)] | I › 

1)   Tadpoles cannot give any contribution;
2)  Higgs contribution suppressed as  m2/M2W
‹ F | HΔS=1 | I › =   GF/√2 Vud Vus

* Σi Ci (µ) ‹ F | Qi (µ) | I ›
                       WILSON OPE                               (MW) 

di-6

QCD and Weak Interactions: the 
first important steps 





AW ≈ α M-2
W  ∑k  Ck[ln(M2

W/ m2)]dk‹ FIQk (0) I I ›+.. 

Wilson OPE

Anomalous dimension 
of the operator  Qk 

``The OPE shows that the amplitude is dominated by
the matrix elements of those operators with dk > 0
thus giving rise to a possible mechanism to enhance 
contributions with definite quantum numbers, e.g.
ΔI=1/2 vs ΔI=3/2 as first suggested by Wilson”



Definition of the 
Operators
Note the perversion:
(1+γ5) is left-handed

First calculation of the 
LO anomalous dims:
ΔI=1/2 dynamically 
enhanced
although only 
qualitatively 
successful



1.  Better and better data on charm production and semileptonic 
non-leptonic decays  (1) 

2.  The bottom quark was discovered in 1977 and its properties  &   
decays started to be intensively studied 

3.  The beginning  of the Heavy Quark (Effective) Theory  (2) 

WEAK INTERACTIONS PHENOMENOLOGY 
WAS  IMPROVING AT A FAST PACE



The enhancement of non-leptonic rate due to QCD 
corrections improved agreement of the prediction of 
the semileptonic branching ratio with data 



Calculations of semileptonic branching ratios were 
done in the ``parton model” i.e. using the free particle 
decay rate ≈ G2

F m5
c





 just after I came back 
from  CERN in 1982

 The infancy of the Heavy 
Quark Effective Theory

The  ``naïve’’  ancestor of 
of the HQET shape 
function  for semileptonic 
and radiative decays 

 

It contains, however, up 
to a redefinition of the 
non perturbative 
parameters, the main 
features of the modern 
theory 



Maiani 



5279.17 ± 0.29  PDG FIT 

Fit of the parameters from 
The lepton spectrum of D decays 

Prediction of the spectrum in B 
decays for b -> c and b -> u  





How Altarelli remembered that period … 



The physical motivations for a NLO calculation 

The (first) calculation of the NLO corrections to 
the Effective Weak Hamiltonian



Further Motivations: 

AFI  (2π4 ) δ4 (pF -pI ) =
 ∫ d4x d4y Dµν (x, MW ) ‹ F |T[ Jµ (y+x/2) J†

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

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

di-6di= dimension of the operator Qi (µ) 
Ci (µ) Wilson coefficient: it depends on MW /µ and αW (µ)
Qi (µ)  local operator renormalized at the scale µ

Without the next-to-leading corrections it is impossible to fix the
renormalization scale  and  to match  consistently the Wilson coefficients
to the matrix elements of  the (lattice) operators 
(see also citation from Buras *)
 



No penguin diagrams necessary  for the charm calculation

Letters exchanges
between the
CERN team
(G. Curci & GM)
And the Rome
Team
(G. Altarelli and 
S. Petrarca)

Occasionally 
some mistake 
was found



We were scared of using  Naïve Dimensional 
Regularization (NDR) in the presence of 
chiral currents (γ5 ) and decided 
to use  Dimensional Reduction  
(we were really naïve!!)



In 1981 Guido (M.) took part in the pioneering calculation of the two loop anomalous 
dimensions  of  the  current-current  operators.  This  calculation done in  collaboration 
with  Guido  Altarelli,  Giuseppe  Curci  and  Silvano  Petrarca  has  been  unfortunately 
performed in the dimensional reduction scheme (DRED) that was not familiar to most 
phenomenologists and its complicated structure discussed in detail  by these authors 
most probably scared many from checking their results. Moreover it was known that the 
treatment  of  γ5  in  the  DRED  scheme,  similarly  to  the  dimensional  regularization 
scheme with anticommunicating γ5 (known  presently as the NDR scheme), may lead to 
mathematically inconsistent results.
 Consequently it was not clear in 1988 whether the result of Altarelli et al. was really 
correct.

The  calculation  by  Buras  &  Weiz,  in  NDR  and  DRED,  of  the  NLO 
corrections  to  KKbar  mixing  confirmed our  results  and demonstrated 
that the calculation could have been done in NDR as well.

Climbing NLO and NNLO Summits  of Weak Decays
Andrzej J. Buras    arXiv:1102.5650v4



Further Motivations & Recent 
Developments  

 
 

AFI  (2π4 ) δ4 (pF -pI ) =
 ∫ d4x d4y Dµν (x, MW ) ‹ F |T[ Jµ (y+x/2) J†

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

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

di-6di= dimension of the operator Qi (µ) 
Ci (µ) Wilson coefficient: it depends on MW /µ and αW (µ)   @NLO 
Qi (µ)  local operator renormalized at the scale µ FROM LATTICE

Without the next-to-leading corrections it is impossible to fix the
renormalization scale  and  to match  consistently the Wilson coefficients
to the matrix elements of  the (lattice) operators 
(see also citation from Buras *)
 



Numerical Estimates of Hadronic Masses in a Pure 
SU(3) Gauge Theory  
H. Hamber  & G. Parisi  
Phys.Rev.Lett. 47 (1981) 1792  
•  Weak Hamiltonian on the Lattice   Cabibbo et al. 

+ Gavela et al. + Bernard & Soni 
•  Construction and renormalization of the Weak 

Hamiltonian on the Lattice Bochicchio et. al. 
•  Renormalization of composite operators  GM et al.  
•  Kππ amplitudes  on a finite volume Lellouch & 

Luscher 

Leptonic, Semileptonic, Kππ, B and K Mixing, 
Radiative, …



During the last supper of the Ringberg workshop (‘88) Guido 
Martinelli  and  me  realized  that  it  would  be  important  to 
calculate NLO QCD corrections to the Wilson coefficients of 
penguin  operators relevant for K → ππ decays

Andrzej J. Buras Gospel   arXiv:1102.5650v4

.. NLO QCD corrections to ΔS = 1 and ΔB = 1 non-leptonic 
decays…  ΔS  =  2  &  ΔB  =  2  transitions,  rare  K  and  B 
decays, in particular K+ → π+ν¯ν, KL → π0ν¯ν and Bs,d → 
μ+μ−… the inclusive decay B → Xsγ , B → Xs gluon, ... KL 
→ π0ℓ+ℓ−, B → Xsℓ+ℓ−…B → K∗(ρ) ℓ+ℓ−

several thousands  citations

still the road has been opened by Guido Altarelli



The Penguin Era 
Begins (J. Ellis)

M. Shifman, A.I. Vainshtein, 
V. I. Zakharov
J. Flynn and L. Randall



A concrete (most difficult) example:  
K -> ππ decays 

HΔS=1 = GF/√2 Vud Vus
*[ (1-τ) Σi=1,2 zi (Qi -Qc

i) + 
τ Σi=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.)
                                τ = -Vts

*Vtd/Vus
*Vud 

 We must compute AI=0,2
i= ‹ (π π)I=0,2 IQ i I K › 

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



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 | HΔS=1 | I › = GF/√2VudVus
*Σi 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 

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

MW = 100 GeV

a-1 =  2-5 GeV 

ΛQCD , 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 
Λ  ~ MW 

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



 - non-perturbative renormalization  
of the relevant operators 
-K -> ππ computed  at the physical point  
using Lellouch-Luscher (see also Lin, Sachrajda, gm, 
Testa) 
-  Unquenched and at (almost) physical quark masses 
-  Enormous progresses made by RBC-UKQCD  

Where we are now? 



Courtesy by A. Buras  







RBC-UKQCD



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-



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-



Radiative corrections to weak amplitudes 
 important for hadron masses, leptonic and  semileptonic 
decays,  |Vus|,  but also for D and B decays



CP Violation in
 the Standard Model 



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 



 
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  + γ     
    lepton  flavor number
νi        ->        νk      found !



RARE DECAYS WHICH ARE ALLOWED
IN THE STANDARD MODEL  

FCNC:
 qi     ->  qk   +    ν   ν

 qi     ->  qk   +    l+
  l

-

 qi     ->  qk   +    γ

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

THUS THEY ARE  SENSITIVE TO  
NEW PHYSICS 



 Flavour phenomenology  plays a fundamental role in 
indirect searches of New  Physics: 
 
-  looks for deviation from the SM whatever the origin  
-  needs good  theoretical control of the SM contribution only 
-   in general cannot provide precise information on the NP scale, 

but a positive result would be a strong evidence that NP is not too 
far (i.e. in the multi-TeV region) 

Flavour and New Physics

       the path leading to TeV NP
is narrower after the results of
the LHC 
                 this will be further
         explored in the present run



1)  A fundamental issue is to find signatures of new physics and to 
unravel the underlying theoretical structure;
2) Precision Flavor physics is a key tool, complementary to the large 
energy

 
searches at the LHC, in this endeavour;

 3) If the LHC  discovers new elementary particles BSM, then precision 
flavor physics will be necessary to understand the underlying 
framework;
4) The discovery potential of precision flavor physics should also not be 
underestimate;
5) Precision flavour physics requires control of hadronic effects for 
which lattice QCD simulations are essential.



Lquarks    =   Lkinetic + Lweak int + Lyukawa

In the Standard Model  the quark mass 
matrix, from which  the CKM Matrix and  
CP originate, is determined by the Yukawa 
Lagrangian which couples  fermions and 
Higgs 

CP invariant 

CP  and symmetry breaking are  
closely related  !  



QUARK  MASSES ARE GENERATED 
 BY DYNAMICAL SYMMETRY  
BREAKING 

Charge -1/3 ∑i,k=1,N
 [ mu

i,k (ui
L uk

R
 ) 

           + md
i,k (di

L dk
R) + h.c. ]

Charge +2/3 

Lyukawa ≡   ∑i,k=1,N
 [ Yi,k (qi

L HC ) Uk
R 

                                           + Xi,k (qi
L H ) Dk

R + h.c. ]



Diagonalization of the Mass Matrix  
Up to singular cases, the mass matrix  can always be 

diagonalized by 2 unitary transformations
ui

L → Uik
L uk

L                 ui
R → Uik

R uk
R

M´= U†
L M UR            (M´)† = U†

R (M)† UL 
Lmass ≡ mup (uL uR + uR uL ) + mch(cL cR + cR cL ) 

+ mtop(tL tR + tR tL ) 



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 

 

 



CP Violation is natural with three quark
generations (Kobayashi-Maskawa)

With three generations all CP
phenomena are related to the same

unique parameter ( δ )

 NO Flavour Changing Neutral Currents (FCNC) 
at Tree Level 

(FCNC processes are good candidates for observing 
NEW PHYSICS)



Vud Vus Vub 

Vcd Vcs Vcb 

Vtd Vts Vtb 
 

 

Quark masses & 
Generation  
Mixing 

Neutron 
Proton 

νe 

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)

β-decays 

updated values later 



Textures There is a clear correlation 
between mixings and masses 

mu ~ 4 MeV   mc ~ 1200 MeV mt ~ 170 GeV  

md ~ 8 MeV   ms ~ 110 MeV  mb ~ 4.3 GeV  

Orizontal U(2)    :      ψL
         ψL

c

Lhiggs
 = Y H  [  (ψL

a)(ψ Lb)c  Sa b +(ψL
a)(ψ Lb)c  Aa b   ]

            
Symmetric 

tensor Antisymmetric 
tensor 



 Md =  M  (√x
-√x
1+x

0 )
diag(M) = M (x  , 1) x = md  /  ms

( √x
  1 )V1  =

(  1
-√x )V2  =

λ1  =  M x

λ2  =  M 

Sin θc~ √md/ ms 

R.Gatto ‘70  

Masses & 
Mixings  
(including the 
CP phases ) 
are related !! 



  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(λ4) 

The Wolfenstein Parametrization  

λ ~ 0.2   A ~ 0.8     
η ~ 0.2   ρ ~ 0.3  

Sin θ12 = λ 
Sin θ23 = A λ2 

Sin θ13 = A λ3(ρ-i η) 
Vtd

Vub



a1 

a2 

a3 

b1 

b2 

b3 

d1 

e1 

c3 

The Bjorken-Jarlskog Unitarity Triangle 
| Vij | is invariant under

phase rotations
a1 = V11 V12

* = Vud Vus
*

a2 = V21 V22
*    a3

 = V31 V32
*  

a1 + a2 + a3 = 0 
(b1 + b2 + b3 = 0 etc.)  

a1 
a2 a3 

α β 

γ 
Only the orientation depends 
on the phase convention 
 



Physical quantities correspond to invariants 
under phase reparametrization  i.e. 
|a1 |, |a2 |,  … , |e3 |  and the area of the  
Unitary Triangles 
 
 
a precise knowledge of the 
moduli (angles) would fix    J  

                Vud
*Vub+ Vcd

*
 Vcb+Vtd

*
 Vtb = 0

CP  ∝ J 

J = Im (a1 a2 
* ) = |a1  a2 | Sin β 

Vud
*Vub Vtd

*Vtb

Vcd
*Vcb

α 
γ β 

γ  =  δCKM 



Gluons and quarks 

The QCD Lagrangian : 
LSTRONG  =   -1/4   GA

µνGA
µν                            GLUONS

                               + ∑f=flavour qf (i γµ Dµ - mf) qf   
              
       QUARKS ( & GLUONS)

GA
µν = ∂µGA

ν  - ∂ ν GA
µ  - g0  fABC GB

µ GC
ν 

qf  ≡ qf
a
α(x)    γµ ≡ (γµ )αβ     Dµ ≡  ∂µ I + i g0 tA 

ab GA
µ 



 STRONG CP VIOLATION 
 

Lθ  =   θ Gµνa Ga
µν                      Ga

µν = εµνρσ Ga
ρσ

 

Lθ  ~   θ  Ea · Ba

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

en   <  3  10-26 e cm

    θ  < 10-10   which is quite unnatural !! 



γγ γ

di di di di di di 

(C+
j)C (C+

j)C

U+
k

D-
k D-

k

N0
j

D-
k D-

k

ga

LΔF=0 = -i/2 Ce ψσµνγ5ψ Fµν 

 -i/2 CC ψσµνγ5 taψ Gµνa 

-1/6 Cg fabc Ga
µρ G bρν Gc

λσ  ε µνλσ 

Neutron electric dipole moment in 
SuperSymmetry 

 Ce,C,g can be computed 
perturbatively



mMS
u (2GeV) = 2.40 (15)(17)MeV

mMS
d (2GeV) = 4.80 (15)(17)MeV

mMS
u

mMS
d

= 0.50 (2)(3)

RM123
mMS

u (2GeV) = 2.16 (9)(7)MeV
Flag





From  
A. Stocchi 
ICHEP 2002 



For details see: 
UTfit Collaboration 

 
http://www.utfit.org 



sin 2β  is measured directly  from B       J/ψ Ks
decays at Babar & Belle & LHC

                Γ(Bd
0       J/ψ Ks , t) - Γ(Bd

0       J/ψ Ks , t) AJ/ψ Ks =
Γ(Bd

0       J/ψ Ks , t) + Γ(Bd
0       J/ψ Ks , t)

AJ/ψ Ks = sin 2β   sin (Δmd t) 



DIFFERENT LEVELS OF THEORETICAL 
UNCERTAINTIES (STRONG INTERACTIONS) 

1)  First class  quantities, with reduced or  negligible  theor. 
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



K0
 - K0

   mixing 

Unitary 
Triangle 
   SM 

B0
d,s - B0

d,s  mixing Bd Asymmetry 

2005

semileptonic decays



CKM 

 

THE 



Marco Ciuchini Page 81 KEK-FF 2013 

 ρ = 0.142 ± 0.019 η = 0.348 ± 0.013   2015 results 

Consistence on an 
over constrained fit 

of the CKM parameters 

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

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

 α = (90.5 ±  2.6 )0  
sin2β = 0.691 ± 0.018 
β = (21.82  ±  0.72 )0  
γ = (67.4 ±  2.7)0  
A = 0.828 ± 0.012

 λ = 0.22549 ± 0.00066 
 



Marco Ciuchini Page 82 KEK-FF 2013 



CKM Matrix in the SM 

Standard Parametrization (PDG)  
Sin θ12 = 0.22504 ± 0.00065  
Sin θ23 = 0.04206 ± 0.00054  
Sin θ13 = 0.00366 ± 0.00012         δ  =  67.8  ± 2.8 
Wolfenstein Parametrization (PDG)  
λ= 0.22514 ± 0.00066        A = 0.828 ± 0.0.12  
 



Marco Ciuchini Page 84 KEK-FF 2013 

Vub Exclusive = 0.00369 ± 0.00015
Vcb Exclusive = 0.0392 ±  0.0007
Vub/Vcb  Exclusive = 0.083 ±  0.006
Vub Inclusive = 0.00441 ±  0.00022
Vcb Inclusive = 0.0422 ±  0.0007
Belle = 0.04247  ±  0.00100

Still some problem persists 



2016



Marco Ciuchini Page 86 KEK-FF 2013 

LATTICE PARAMETERS 



Do we still care? Tensions and Unknowns
1)  A ``classical”  example B -> τν  

2)  |Vub | and |Vcb | inclusive vs exclusive 

3)  |Vcb |, B mixing and εK

4)  D-mixing 

5)  R(D) and R(D*)

6)  B -> K* ll

7)  Physics BSM ?
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(186)
(224)

(1.205)Nf =2+1+1
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LATTICE PARAMETERS  (2016)
It does not make sense to improve the precision 
on BK  if we do not control long distance effects;
Similarly for fπ or fK without radiative 
corrections
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•  Future directions 
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Long Distance Effects in Neutral Meson Mixing   

exp
3.19(41)(96)
lattice unphysical 
masses 
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Long Distance Effects in Neutral Meson Mixing   

LQDC =3.19(41)(96)  10-12 MeV
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Long Distance Effects in Neutral Meson Mixing   

Within reasonable approximations                                                        
can be extended to D meson mixing
M. Ciuchini,V. Lubicz, L. Silvestrini, S. Simula 
(progresses made by  M. T. Hansen & S.
Sharpe,1204.0826v4,1409.7012v,1504.04248v1)
Also CPV in D -> ππ  or KK
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Let us assume that the Standard Model contributions to M12 and Γ12  are real
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Do we still care? Tensions and Unknowns
1)  A ``classical”  example B -> τν  

2)  |Vub | and |Vcb | inclusive vs exclusive 

3)  |Vcb |, B mixing and εK

4)  D-mixing 

5)  R(D) and R(D*)

6)  B -> K* ll

7)  Physics BSM ?
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Vub Exclusive = 0.00361 ± 0.00013
Vcb Exclusive = 0.0400 ±  0.0011
Vub/Vcb  Exclusive = 0.083 ±  0.006
Vub Inclusive = 0.00440 ±  0.00022
Vcb Inclusive = 0.0420 ±  0.0006
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BK1

0.45 0.50 0.55 0.60 0.65

cbV

0.0395

0.0400

0.0405

0.0410

0.0415

0.0420

0.0425

0.0430

0.0435

0.0440

smallest 99.7% interval(s)
smallest 95.5% interval(s)
smallest 68.3% interval(s)
global mode
mean and standard deviation

- εK  large Vcb
- B mixing with  
large lattice matrix
    elements small
    Vcb

UT-fit  2016  Correlation Bk vs Vcb  
   in quest for  theoretical improvement 
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 2015       inclusives                 vs           exclusives  

Vub    (4.40 ± 0.22) × 10-3                      (3.61 ± 0.13) × 10-3   
 Vcb    (4.20 ± 0.06) × 10-2                     (4.00 ± 0.11) × 10-2   
  
                               Vub    (3.73 ± 0.21) × 10-3  

Vcb    (4.17 ± 0.10) × 10-2 

sin2βexp = 
0.680 ± 0.023 

sin2βUTfit =  
0.740 ± 0.037 
BK= 0.81 ±0.07 
 

sin2βincl =  
0.784 ± 0.027 
BK= 0.74 ±0.05 
(2015) 
 

sin2βexcl =  
0.703 ± 0.021 
BK= 0.93 ±0.07 
(2015) 
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Courtesy of D. Derkach
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A.  Buras
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Do we still care? Tensions and Unknowns
1)  A ``classical”  example B -> τν  

2)  |Vub | and |Vcb | inclusive vs exclusive 

3)  |Vcb |, B mixing and εK

4)  D-mixing  (already discussed)

5)  R(D) and R(D*) (and Vcb of course)

6)  B -> K* ll

7)  Physics BSM ?
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HPQCD June 13 2016
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Crivellin  2016
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Vagnoni 
CKM 2016 
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Breaking of Lepton  
Flavor Universality in B decays ? 

Greljo, Isidori, Marzocca

Crivellin

etc. 
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|Vub | & |Vcb | inclusive vs exclusive and all that 
1)  On the long run exclusive decays based on non-perturbative (lattice) determination 

of the relevant form factors will win;

2)  The  precision  of the theoretical predictions for inclusive decays cannot be 

improved (are the present quoted errors reliable?);

3)  Still (much) more work  is needed,  and different approaches to the physical B 

should be used and compared;

4)  R(D) and R(D*) is an open problem; more lattice collaborations should work on 

these calculations;

5)   Theoretical calculations and experimental analyses should not  be biased by the 

HQFT - after all ΛQCD/mc ≈ O(1);

6)  I hope to be wrong, but the possibility of new physics in tree level b -> c decays 

looks to me quite remote.
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Do we still care? Tensions and Unknowns
1)  A ``classical”  example B -> τν  

2)  |Vub | and |Vcb | inclusive vs exclusive 

3)  |Vcb |, B mixing and εK

4)  D-mixing  (already discussed)

5)  R(D) and R(D*) (and Vcb of course)

6)  B -> K* ll

7)  Physics BSM ?
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There are good chances that  the 
lattice calculation of the most 
important long distance
contributions via a  charm loop  is 
possible
M. Ciuchini, 
V.Lubicz, G.M.,
L. Silvestrini,
S. Simula

μ

μ
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RADIATIVE/RARE KAON DECAYS 
G. Isidori, G. M., and P. Turchetti, Phys.Lett. B633, 75 (2006), 
arXiv:hep-lat/0506026

N.H. Christ X. Feng A. Portelli and C.T. Sachrajda Phys.Rev. D92 
(2015) no.9, 094512   10.1103/PhysRevD.92.094512   * 

K ! ⇡l+l� K ! ⇡⌫⌫̄

Conserved currents and GIM important
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G. Isidori, G. M., and P. Turchetti

A detailed analysis of the extraction of the amplitude from lattice correlators 
by N.H. Christ X. Feng A. Portelli and C.T. Sachrajda 



Marco Ciuchini Page 120 KEK-FF 2013 

1)   Fit of NP-ΔF=2 parameters in a Model 
“independent” way*  

 
2)     “Scale” analysis in ΔF=2* 

Is the present picture showing a  
Model Standardissimo ? 

An evidence, an evidence, my kingdom for an evidence  
From Shakespeare's Richard III  
 and A. Stocchi 
 



…. beyond
 the Standard Model 

UT Analysis:
-  Model independent analysis
-  Limits on the deviations 
-  NP scale update
 



Results from a fit to the Wilson Coefficients 

Results obtained with L=1 corresponding to tree level
 NP effects and 
an arbitrary flavor 
structure 
εK     Λ = 5 105 TeV
D    Λ =  104 TeV
Bd    Λ =  3 103 TeV
Bs    Λ =  8 102 TeV
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This is my  last paper with Guido 

but our friendship continued untouched.

Some personal souvenir….
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WE  WERE A 
LITTLE 
YOUNGER 
THOUGH !!     
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A NICE GROUP AT WORK: Manuel Greco, 
myself, GUIDO, Keith Ellis, Mario Greco 
Guess who is the non-Italian ! 
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Roma 2012
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Singapore  2014
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Per i giovani in generale, e per gli  studenti di Dottorato in 
Fisica  in  particolare,  Guido  Altarelli  è  un  esempio  a  cui 
ispirarsi:
un grandissimo scienziato, una persona di caratura morale 
eccezionale,  pieno di calore umano, simpatia, gentilezza e 
integrità.  

Chi ha avuto il privilegio di collaborarci o semplicemente di 
conoscerlo  continuerà  a  ricordarlo  con  ammirazione  e 
rispetto. 

Noi,  che  di  Guido siamo stati  amici  e  gli  abbiamo voluto 
bene,  non lo dimenticheremo.



THANKS	  FOR	  YOUR	  ATTENTION 


