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Theory talks: 
 
The Unitarity Triangle Analysis (Denis Derkach) 
Lattice QCD and Flavor (Benoit Blossier) 
K- and D-meson Physics (Joachim Brod) 
B-Physics (Diego Guadagnoli) 
Lepton Flavor Violation (Oscar Vives) 

Theory Summary of WG 3 
-Weak decays, CKM and CP-violation- 

Cecilia Tarantino 
Università Roma Tre 



Flavor Physics is complementary, 
in NP searches, 

to the direct production 
of NP particles 
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In SM suppressed 
Flavor processes 

NP effects 
may be visible 

e.g. 

A prerequisite is the accurate determination of the parameters of 
the Cabibbo-Kobayashi-Maskawa mixing matrix 

It is crucial to have accurate theoretical predictions 
in order to reveal possible NP effects 
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The Wolfenstein parameterization 
(A, l , r, h) 
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up to O(l3) with l≡ sin θCabibbo≈0.2 

(O(l5) corrections are required by the present accuracy) 

The Unitarity Triangle Analysis (UTA) 

 Among the 9 unitarity conditions 
 
 
 
is of great phenomenological interest 
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The UTA (summer 2013, post-EPS) by UTfit 
[Denis Derkach] 

The UTA has established that 
the CKM matrix is the dominant 

source 
of flavor mixing and CP violation 

The experimental constraints 
overconstrain the CKM 
parameters consistently 
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SM analysis 

~18% 
~  4% 
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From a closer look 

|Vub|excl = (34.2 ± 2.2)·10
-4 

|Vub|incl = (44.0 ± 2.5)·10
-4 

2.9 s 

+ the still present Vub 

inclusive-exclusive tension 
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In the UTA and more in general in Flavor analyses 
Lattice QCD has a primary role as 

it allows to compute the (non-perturbative) 
long-distance QCD contributions from first principles 

                      Lattice QCD: 

• non-perturbative approach based on the path-integral formalism  

• QCD simulated on discrete space and finite volume 

       QCD parameters only  



We are in the era of 

1) Increasing of computational power 

(Several machines of O(0.1-10 PetaFlops)) 
Unquenched simulations 

“PRECISION” LATTICE QCD 

2) Algorithmic improvements: 

Light quark masses in the ChPT regime 

QUENCHED UNQUENCHED 
Nf=2 (u,d) 
Nf=2+1 (u,d,s) 
Nf=2+1+1 (u,d,s,c) 

State of the art of Flavor Lattice QCD 
[Benoit Blossier] 
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Systematic Uncertainties: 
The state of the art is evident from the color code 

introduced by FLAG for Pion and Kaon Physics 
(Flavor Lattice Averaging Group)      

… 
2013: FLAG2 

updates + 
heavy-flavor Physics 

http://itpwiki.unibe.ch/flag/ 
(preliminary) 

First Nf=2+1+1 results appear 

http://itpwiki.unibe.ch/flag/
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(BK)Nf=2+1=0.766(10) 
• BMW and RBC/UKQCD results are obtained 
   with pion masses close to the physical point 
• First Nf=2+1+1 computation is in progress (ETMC) 

eK (         BK) 

K K 

ˆ 
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Recent unquenched Lattice calculations of the form factors 
entering rare B-decays 
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State of the art of the theoretical predictions 
in the K- and D-meson sectors 

[Joachim Brod] 

Besides Lattice accurate results 
it is important to have accurate perturbative results 

for the Wilson coefficients 
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Importance of 
correlations between observables 

to constrain/dscriminate 
NP models 
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(mainly Vcb) 
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SM or NP? 
Not known yet 

HOT TOPIC 
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State of the art of B-physics [Diego Guadagnoli] 
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exp. talk by Jose Hernando 
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HOT TOPIC 
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In short, we can say: 
Measurements in Flavor are well compatible 
to the SM predictions 
 
Few tensions are still to be understood 
(if we had to bet we would bet on the SM-explanation) 

BUT 
Our understanding of flavour is UNSATISFACTORY 

Lepton Flavor Violation 
[Oscar Vives] 
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Models to explain mass hierarchies and mixing patterns 
have been formulated 

(based on flavor symmetries and Froggatt-Nielsen mechanism) 

 LFV has a crucial role in testing flavor models 
(and the SM predictions) 

LFV decays are strongly suppressed in the SM, 
due to tiny neutrino masses 

SM 

5010)(  SMeBr 

e.g. 
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Constraints on NP models (e.g. MSSM) 
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Tests of Flavor models 
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OBRIGADA! 
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OBRIGADA! 


