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•  General introduction to the 
Unitary Triangle Fit 

•  SM Analysis  
•  Tensions and unknown 
•  New/old  ideas from Lattice 

QCD vs Charm Physics 
•  Conclusion 
 
•  New Physics -> M.  Ciuchini  
•  More on Charm D. Derkach  

PLAN OF THE TALK 

Thanks to Bona, 
Lubicz and 
Silvestrini, 



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.



CKM 

 

THE 



CP Violation in
 the Standard Model 



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 



  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 



VubVud+ VcbVcd+VtbVtd = 0 * * * 



                                                           
 
 

•  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, !?) 

STANDARD 
MODEL  
UNITARITY  
TRIANGLE 
 ANALYSIS 
 (Flavor Physics)   



For details see: 
UTfit Collaboration 

 
http://www.utfit.org 



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
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 ρ = 0.153 ± 0.013 η = 0.343 ± 0.011   2016 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 = (92.0 ±  2.0 )0  
sin2β = 0.696 ± 0.018 
β = (21.82  ±  0.72 )0  
γ = (65.8 ±  1.9)0  
A = 0.833 ± 0.012

 λ = 0.22497 ± 0.00069 
 



CKM Matrix in the SM 2016  

Standard Parametrization (PDG)  
Sin θ12 = 0.22497 ± 0.00069  
Sin θ23 = 0.04229 ± 0.00057  
Sin θ13 = 0.00368 ± 0.00002         δ  =  65.9  ± 2.0 
Wolfenstein Parametrization (PDG)  
λ= 0.22497 ± 0.00069        A = 0.833 ± 0.0.12  
 



2016



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 ?



•  What can be computed and                                             
what cannot be computed  



B-

W-
νl

l-

The Simplest Example



COULD WE COMPUTE THIS PROCESS WITH  
SUFFICIENT COMPUTER POWER ? 

THE ANSWER IS: NO 
 
IT IS NOT ONLY A QUESTION OF COMPUTER POWER  
BECAUSE THERE ARE COMPLICATED   
FIELD THEORETICAL PROBLEMS 
 
Euclide vs Minkowski 



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 ! (Not yet)

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

D -> Kπ  probably yes 



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



•  Uncertainties in lattice  QCD                                                              
calculations 

Not in this talk  



Continuum limit, discretization and 
finite volume errors   

ξ = 1/ m 

a Formal  lim a->0 SLattice(φ) -> SContinuum(φ) 

a/ ξ = m a ~1 The size of the object is 
comparable to the lattice spacing

a/ ξ <<1  i.e.   m a  -> 0 The size of 
the object is much larger than  the 
lattice spacing

Similar to a ∑n ->  ∫ dx



Physics Reach (Mainly Heavy Flavor Physics)
many slides from lattice 2015  particularly from C. Pena 

⇤QCD

mQ

⇤UV ⇠ 1/a



⇤QCD

mQ

⇤UV ⇠ 1/a

Extrapolation in 1/mQ                                                       npHQET
Ratio Method
                                         NRQCD
                                          RHQ’s

mB

mc

mB

⇤UV ⇠ 1/a

mQ

⇤QCD

mc

mQ

a crosscheck of  different approaches is fundamental



+ perturbative renormalization
courtesy of C. Pena   



Very nice paper – interesting for LHCb



BBs = 1.32(5) Nf=2,  ETMC
BBs = 1.33(6) Nf=2+1 
HPQCD
BBs = 1.492(92)Nf=2+1, NEW 
FNAL/MILC
UTFIT AV.       BBs = 1.38(11)

FLAG-2 on B mixing 



FLAG2 BBs/BBd  = 1.06(11)
UTFIT BBs/BBd  = 1.012(27)FLAG-2 on B mixing 



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 ?



Marco Ciuchini Page 40 KEK-FF 2013 B(B       τ ν) Old = (1.67 ± 0.30) 10-4 



Marco Ciuchini Page 41 KEK-FF 2013 

(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



Marco Ciuchini Page 43 KEK-FF 2013 

 
•  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   
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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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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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|

cb
|V

0.032 0.034 0.036 0.038 0.04 0.042 0.044 0.046 0.048

|
ub

|V

0.002

0.0025

0.003

0.0035

0.004

0.0045

0.005

0.0055

0.006

summer16
 

ubIncl. V

ubExcl. V

cb
Ex

cl.
 V cb
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cl.

 V

cb/V
ubV

UTfit average

UTfit prediction
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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



Marco Ciuchini Page 57 KEK-FF 2013 M. Blanke A.  Buras  1602.040220v3
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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
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Marco Ciuchini Page 60 KEK-FF 2013 Low recoil region (w=1) accessible to lattice calculations
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B -> D-D*  
same lattice configurations used   mb a ≈ 1.1  in the best case
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Form factors from single 
and double  ratios of lattice 
correlation functions

Form factors from direct fit
to correlation functions
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HPQCD June 13 2016
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Crivellin  2016
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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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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



Marco Ciuchini Page 68 KEK-FF 2013 

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 
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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 
 

*Not today for lack of time see talk by M. Ciuchini



1)  The high precision of the SM UT Analysis allows to test the 
SM and to search for NP at a level which is competitive with 
direct searches 

2)  CKM matrix is the dominant source of flavour mixing and CP 
violation  σ(ρ)~ 8 %   &  σ(η) ~ 3  

3)  %. SM analysis shows a very good overall consistency  
4)  The main tensions disappeared 
5)  Inclusive  vs exclusive semileptonic decays still need 

theoretical  improvement and BK/Kkbar mixing !! 

CONCLUSIONS

Thus for the time being we have to remain 
with a STANDARDISSIMO STANDARD 
MODEL  but … 
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