
Flavor	
  Physics:	
  	
  
A	
  Theory	
  Overview	
  	
  

	
  
Guido Martinelli 

SISSA Trieste & INFN Roma  
 

Windows on the Universe 
Rencontres du Vietnam 

ICISE Quy Nhon 
August  12-17 2013 



 
 
 

1) Precision Flavor Physics in the quark sector (neutrinos 
covered by Andre de Gouvêa )  
2) CKM analysis and CP violation  in the SM  
3) B         τ ν   &  Bs          µ µ 
4) Flavor BSM 
5) Conclusions 
 
 
- many thanks to M. Bona,    
M. Ciuchini, L. Silvestrini 
 & Vagnoni 
 for discussions and for  
a few slides 



The	
  Higgs	
  Par6cle	
  has	
  been	
  
discovered	
  

MH	
  	
  ≈	
  125	
  GeV	
  



But	
  that’s	
  
all:	
  

Higgs	
  	
  
only	
  	
  
Higgs!!	
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jjmColor octet scalar : dijet resonance, 
µe

m, µ)=1) : SS eµe→
L
±± (DY prod., BR(HL

±±H ll
m), µµll)=1) : SS ee (→

L
±± (DY prod., BR(HL

±±H
 (LRSM, no mixing) : 2-lep + jetsRW

Major. neutr. (LRSM, no mixing) : 2-lep + jets
,WZT

mlll), νTechni-hadrons (LSTC) : WZ resonance (
µµee/mTechni-hadrons (LSTC) : dilepton, γl

m resonance, γExcited lepton : l-
jjmExcited quarks : dijet resonance, 

jetγ
m-jet resonance, γExcited quarks : 

llqmVector-like quark : NC, 
qνlmVector-like quark : CC, 
)

T2
 (dilepton, M0A0 tt + A→Top partner : TT Zb

m Zb+X, →New quark b' : b'b'
 WtWt→)5/3T

5/3
 generation : b'b'(Tth4

 WbWb→ generation : t't'th4
jjντjj, ττ=1) : kin. vars. in βScalar LQ pair (
jjνµjj, µµ=1) : kin. vars. in βScalar LQ pair (
jjν=1) : kin. vars. in eejj, eβScalar LQ pair (
µT,e/mW* : 
tb

m tb, SSM) : → (RW'
tqm=1) : 

R
 tq, g→W' (

µT,e/mW' (SSM) : 
ττmZ' (SSM) : 
µµee/mZ' (SSM) : 

,missTEuutt CI : SS dilepton + jets + ll
m, µµqqll CI : ee & 

)
jj

m(χqqqq contact interaction : 
)jjm(

χ
Quantum black hole : dijet, F T

pΣ=3) : leptons + jets, DM /THMADD BH (
ch. part.N=3) : SS dimuon, DM /THMADD BH (

tt,boosted
m l+jets, →tt (BR=0.925) : tt →

KK
RS g

νlν,lTmRS1 : WW resonance, 
llll / lljjmRS1 : ZZ resonance, 

 / llγγmRS1 : diphoton & dilepton, 
llm ED : dilepton, 2/Z1S

,missTEUED : diphoton + 
 / llγγmLarge ED (ADD) : diphoton & dilepton, 

,missTELarge ED (ADD) : monophoton + 
,missTELarge ED (ADD) : monojet + 

Scalar resonance mass1.86 TeV , 7 TeV [1210.1718]-1=4.8 fbL
 massL

±±H375 GeV , 7 TeV [1210.5070]-1=4.7 fbL

)µµ mass (limit at 398 GeV for L
±±H409 GeV , 7 TeV [1210.5070]-1=4.7 fbL

(N) < 1.4 TeV)m mass (RW2.4 TeV , 7 TeV [1203.5420]-1=2.1 fbL

) = 2 TeV)
R

(WmN mass (1.5 TeV , 7 TeV [1203.5420]-1=2.1 fbL
))

T
ρ(m) = 1.1 

T
(am, Wm) + Tπ(m) = 

T
ρ(m mass (

T
ρ483 GeV , 7 TeV [1204.1648]-1=1.0 fbL

)
W

) = MTπ(m) - Tω/T
ρ(m mass (Tω/T

ρ850 GeV , 7 TeV [1209.2535]-1=4.9-5.0 fbL

 = m(l*))Λl* mass (2.2 TeV , 8 TeV [ATLAS-CONF-2012-146]-1=13.0 fbL

q* mass3.84 TeV , 8 TeV [ATLAS-CONF-2012-148]-1=13.0 fbL
q* mass2.46 TeV , 7 TeV [1112.3580]-1=2.1 fbL

)Q/mν = qQκVLQ mass (charge 2/3, coupling 1.08 TeV , 7 TeV [ATLAS-CONF-2012-137]-1=4.6 fbL

)Q/mν = qQκVLQ mass (charge -1/3, coupling 1.12 TeV , 7 TeV [ATLAS-CONF-2012-137]-1=4.6 fbL
) < 100 GeV)

0
(AmT mass (483 GeV , 7 TeV [1209.4186]-1=4.7 fbL

b' mass400 GeV , 7 TeV [1204.1265]-1=2.0 fbL

) mass
5/3

b' (T670 GeV , 7 TeV [ATLAS-CONF-2012-130]-1=4.7 fbL

t' mass656 GeV , 7 TeV [1210.5468]-1=4.7 fbL
 gen. LQ massrd3538 GeV , 7 TeV [Preliminary]-1=4.7 fbL

 gen. LQ massnd2685 GeV , 7 TeV [1203.3172]-1=1.0 fbL

 gen. LQ massst1660 GeV , 7 TeV [1112.4828]-1=1.0 fbL

W* mass2.42 TeV , 7 TeV [1209.4446]-1=4.7 fbL
W' mass1.13 TeV , 7 TeV [1205.1016]-1=1.0 fbL

W' mass430 GeV , 7 TeV [1209.6593]-1=4.7 fbL

W' mass2.55 TeV , 7 TeV [1209.4446]-1=4.7 fbL

Z' mass1.4 TeV , 7 TeV [1210.6604]-1=4.7 fbL
Z' mass2.49 TeV , 8 TeV [ATLAS-CONF-2012-129]-1=5.9-6.1 fbL

Λ1.7 TeV , 7 TeV [1202.5520]-1=1.0 fbL

 (constructive int.)Λ13.9 TeV , 7 TeV [1211.1150]-1=4.9-5.0 fbL

Λ7.8 TeV , 7 TeV [ATLAS-CONF-2012-038]-1=4.8 fbL
=6)δ (DM4.11 TeV , 7 TeV [1210.1718]-1=4.7 fbL

=6)δ (DM1.5 TeV , 7 TeV [1204.4646]-1=1.0 fbL

=6)δ (DM1.25 TeV , 7 TeV [1111.0080]-1=1.3 fbL

 mass
KK

g1.9 TeV , 7 TeV [ATLAS-CONF-2012-136]-1=4.7 fbL
 = 0.1)PlM/kGraviton mass (1.23 TeV , 7 TeV [1208.2880]-1=4.7 fbL

 = 0.1)PlM/kGraviton mass (845 GeV , 7 TeV [1203.0718]-1=1.0 fbL

 = 0.1)PlM/kGraviton mass (2.23 TeV , 7 TeV [1210.8389]-1=4.7-5.0 fbL

-1 ~ RKKM4.71 TeV , 7 TeV [1209.2535]-1=4.9-5.0 fbL

-1Compact. scale R1.41 TeV , 7 TeV [ATLAS-CONF-2012-072]-1=4.8 fbL

=3, NLO)δ (HLZ SM4.18 TeV , 7 TeV [1211.1150]-1=4.7 fbL

=2)δ (DM1.93 TeV , 7 TeV [1209.4625]-1=4.6 fbL

=2)δ (DM4.37 TeV , 7 TeV [1210.4491]-1=4.7 fbL

Only a selection of the available mass limits on new states or phenomena shown*

-1 = (1.0 - 13.0) fbLdt∫
 = 7, 8 TeVs

ATLAS
Preliminary

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)
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,missT
E) : 'monojet' + χWIMP interaction (D5, Dirac  

Scalar gluon : 2-jet resonance pair
 qqq : 3-jet resonance pair→ g~

,missTE : 4 lep + 
e
νµ,eµνee→

0
1
χ∼, 0

1
χ∼l→Ll

~, 
-
Ll

~+
Ll

~ ,missTE : 4 lep + 
e
νµ,eµνee→

0
1
χ∼, 0

1
χ∼W→

+
1
χ∼, -

1
χ∼

+
1
χ∼

,missTEBilinear RPV CMSSM : 1 lep + 7 j's + 
 resonanceτ)+µe(→τν

∼+X, τν
∼→LFV : pp

 resonanceµe+→τν
∼+X, τν

∼→LFV : pp
 + heavy displaced vertexµ (RPV) : µ qq→ 0

1
χ∼

τ∼GMSB : stable 
 (full detector)γβ, β R-hadrons : low t~Stable 
 (full detector)γβ, β R-hadrons : low g~Stable 

±

1
χ∼ pair prod. (AMSB) : long-lived ±

1
χ∼Direct 

,missTE : 3 lep + 0
1
χ∼

)*(Z0
1
χ∼

)*( W→ 0
2
χ∼
±

1
χ∼

,missT
E) : 3 lep + νν∼l(Ll

~
ν∼), lνν∼l(Ll

~
νLl

~ → 0
2
χ∼
±

1
χ∼

,missTE : 2 lep + 0
1
χ∼νl→)ν∼(lνl~→+

1
χ∼, -

1
χ∼

+
1
χ∼

,missTE : 2 lep + 0
1
χ∼l→l~, Ll

~
Ll

~ ,missT
Ell) + b-jet + → (natural GMSB) : Z(t~t~ ,missTE : 0/1/2 lep (+ b-jets) + 0

1
χ∼t→t~, t~t~

,missTE : 1 lep + b-jet + 0
1
χ∼t→t~, t~t~

,missTE : 2 lep + ±

1
χ∼b→t~ (medium), t~t~

,missTE : 1 lep + b-jet + ±

1
χ∼b→t~ (medium), t~t~

,missTE : 1/2 lep (+ b-jet) + ±

1
χ∼b→t~ (light), t~t~ ,missTE : 3 lep + j's + ±

1
χ∼t→1b~, b~b~

,missTE : 0 lep + 2-b-jets + 0
1
χ∼b→1b~, b~b~

,missTE) : 0 lep + 3 b-j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 0 lep + multi-j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 3 lep + j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 2 lep (SS) + j's + t~ (virtual 0
1
χ∼tt→g~

,missTE) : 0 lep + 3 b-j's + b~ (virtual 0
1
χ∼bb→g~

,missTEGravitino LSP : 'monojet' + 
,missTEGGM (higgsino NLSP) : Z + jets + ,missT

E + b + γGGM (higgsino-bino NLSP) : ,missT
E + lep + γGGM (wino NLSP) : ,missT
E + γγGGM (bino NLSP) : ,missT
E + 0-1 lep + j's + τ NLSP) : 1-2 τ∼GMSB ( ,missTE NLSP) : 2 lep (OS) + j's + l~GMSB (

,missTE) : 1 lep + j's + ±
χ∼qq→g~ (±

χ∼Gluino med. 
,missTEPheno model : 0 lep + j's + 
,missTEPheno model : 0 lep + j's + 
,missTEMSUGRA/CMSSM : 1 lep + j's + 
,missTEMSUGRA/CMSSM : 0 lep + j's + 

M* scale  < 80 GeV, limit of < 687 GeV for D8)χm(704 GeV , 8 TeV [ATLAS-CONF-2012-147]-1=10.5 fbL
sgluon mass (incl. limit from 1110.2693)100-287 GeV , 7 TeV [1210.4826]-1=4.6 fbL

 massg~666 GeV , 7 TeV [1210.4813]-1=4.6 fbL
 massl~  > 0)122λ or 121λ), τl

~
(m)=µl

~
(m)=el

~
(m) > 100 GeV, 0

1
χ
∼(m(430 GeV , 8 TeV [ATLAS-CONF-2012-153]-1=13.0 fbL

 mass+
1
χ∼
∼

 > 0)122λ or 121λ) > 300 GeV, 0

1
χ
∼(m(700 GeV , 8 TeV [ATLAS-CONF-2012-153]-1=13.0 fbL

 massg~ = q~  < 1 mm)LSPτ(c1.2 TeV , 7 TeV [ATLAS-CONF-2012-140]-1=4.7 fbL
 massτν

∼ =0.05)1(2)33λ=0.10, ,
311λ(1.10 TeV , 7 TeV [Preliminary]-1=4.6 fbL

 massτν
∼ =0.05)132λ=0.10, ,

311λ(1.61 TeV , 7 TeV [Preliminary]-1=4.6 fbL
 massq~  decoupled)g~ < 1 m, τ, 1 mm < c-510× < 1.5211

,
λ < -510×(0.3700 GeV , 7 TeV [1210.7451]-1=4.4 fbL

 massτ∼  < 20)β(5 < tan300 GeV , 7 TeV [1211.1597]-1=4.7 fbL
 masst~683 GeV , 7 TeV [1211.1597]-1=4.7 fbL

 massg~985 GeV , 7 TeV [1211.1597]-1=4.7 fbL
 mass±

1
χ∼ ) < 10 ns)±

1
χ
∼(τ(1 < 220 GeV , 7 TeV [1210.2852]-1=4.7 fbL

 mass±

1
χ∼ ) = 0, sleptons decoupled)0

1
χ
∼(m), 0

2
χ
∼(m) = ±

1
χ
∼(m(140-295 GeV , 8 TeV [ATLAS-CONF-2012-154]-1=13.0 fbL

 mass±

1
χ∼ ) as above)ν

∼,l
~
(m) = 0, 0

1
χ
∼(m), 0

2
χ
∼(m) = ±

1
χ
∼(m(580 GeV , 8 TeV [ATLAS-CONF-2012-154]-1=13.0 fbL

 mass±

1
χ∼ )))0

1
χ
∼(m) + ±

1
χ
∼(m(2

1) = ν
∼,l

~
(m) < 10 GeV, 0

1
χ
∼(m(110-340 GeV , 7 TeV [1208.2884]-1=4.7 fbL

 massl~ ) = 0)0

1
χ
∼(m(85-195 GeV , 7 TeV [1208.2884]-1=4.7 fbL

 masst~ ) < 230 GeV)0

1
χ
∼(m(115 < 310 GeV , 7 TeV [1204.6736]-1=2.1 fbL

 masst~ ) = 0)0

1
χ
∼(m(230-465 GeV , 7 TeV [1208.1447,1208.2590,1209.4186]-1=4.7 fbL

 masst~ ) = 0)0

1
χ
∼(m(230-560 GeV , 8 TeV [ATLAS-CONF-2012-166]-1=13.0 fbL

 masst~ ) = 10 GeV)±

1
χ
∼(m)-t~(m) = 0 GeV, 0

1
χ
∼(m(160-440 GeV , 8 TeV [ATLAS-CONF-2012-167]-1=13.0 fbL

 masst~ ) = 150 GeV)±

1
χ
∼(m) = 0 GeV, 0

1
χ
∼(m(160-350 GeV , 8 TeV [ATLAS-CONF-2012-166]-1=13.0 fbL

 masst~ ) = 55 GeV)0

1
χ
∼(m(167 GeV , 7 TeV [1208.4305, 1209.2102]-1=4.7 fbL

 massb~ ))0

1
χ
∼(m) = 2 ±

1
χ
∼(m(405 GeV , 8 TeV [ATLAS-CONF-2012-151]-1=13.0 fbL

 massb~ ) < 120 GeV)0

1
χ
∼(m(620 GeV , 8 TeV [ATLAS-CONF-2012-165]-1=12.8 fbL

 massg~ ) < 200 GeV)0

1
χ
∼(m(1.15 TeV , 8 TeV [ATLAS-CONF-2012-145]-1=12.8 fbL

 massg~ ) < 300 GeV)0

1
χ
∼(m(1.00 TeV , 8 TeV [ATLAS-CONF-2012-103]-1=5.8 fbL

 massg~ ) < 300 GeV)0

1
χ
∼(m(860 GeV , 8 TeV [ATLAS-CONF-2012-151]-1=13.0 fbL

 massg~ ) < 300 GeV)0

1
χ
∼(m(850 GeV , 8 TeV [ATLAS-CONF-2012-105]-1=5.8 fbL

 massg~ ) < 200 GeV)0

1
χ
∼(m(1.24 TeV , 8 TeV [ATLAS-CONF-2012-145]-1=12.8 fbL

 scale1/2F  eV)-4) > 10G
~

(m(645 GeV , 8 TeV [ATLAS-CONF-2012-147]-1=10.5 fbL
 massg~ ) > 200 GeV)H

~
(m(690 GeV , 8 TeV [ATLAS-CONF-2012-152]-1=5.8 fbL

 massg~ ) > 220 GeV)0

1
χ
∼(m(900 GeV , 7 TeV [1211.1167]-1=4.8 fbL

 massg~619 GeV , 7 TeV [ATLAS-CONF-2012-144]-1=4.8 fbL
 massg~ ) > 50 GeV)0

1
χ
∼(m(1.07 TeV , 7 TeV [1209.0753]-1=4.8 fbL

 massg~  > 20)β(tan1.20 TeV , 7 TeV [1210.1314]-1=4.7 fbL
 massg~  < 15)β(tan1.24 TeV , 7 TeV [1208.4688]-1=4.7 fbL

 massg~ ))g~(m)+0
χ
∼(m(2

1) = ±
χ
∼(m) < 200 GeV, 0

1
χ
∼(m(900 GeV , 7 TeV [1208.4688]-1=4.7 fbL

 massq~ )0

1
χ
∼) < 2 TeV, light g~(m(1.38 TeV , 8 TeV [ATLAS-CONF-2012-109]-1=5.8 fbL

 massg~ )0

1
χ
∼) < 2 TeV, light q~(m(1.18 TeV , 8 TeV [ATLAS-CONF-2012-109]-1=5.8 fbL

 massg~ = q~1.24 TeV , 8 TeV [ATLAS-CONF-2012-104]-1=5.8 fbL
 massg~ = q~1.50 TeV , 8 TeV [ATLAS-CONF-2012-109]-1=5.8 fbL

Only a selection of the available mass limits on new states or phenomena shown.*
 theoretical signal cross section uncertainty.σAll limits quoted are observed minus 1

-1 = (2.1 - 13.0) fbLdt∫
 = 7, 8 TeVs

ATLAS
Preliminary

7 TeV results

8 TeV results

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec 2012)



 
•  Provide the best determination of the CKM parameters; 
•  Test the consistency of the SM (``direct”  vs ``indirect” 

determinations) @  the quantum level; 
•  Provide predictions for SM observables (in the past for 

example sin 2β  and   Δms 

STANDARD 
MODEL  
UNITARITY  
TRIANGLE 
 ANALYSIS   



Theoretical predictions of Sin 2 β 
in the years 

  
predictions 	


exist since '95	



experiments	



sin 2 βUTA = 0.65  ± 0.12 
Prediction 1995 from  
Ciuchini,Franco,G.M.,Reina,Silvestrini 



SM predictions 
of Δms 

SM expectation 
Δms = (16.92 ± 0.99 ) ps-1 

6σ  

5σ  3σ  

4σ  

1σ  

2σ  
Legenda 

Δms 

10 

Prediction “era” Monitoring “era” 

Exp 
Δms = (17.72 ± 0.04  ) ps-1 



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 



Two accidental symmetries: 
 
Absence of FCNC  at tree level  (& GIM 
suppression of FCNC @loop level) 
 
No CP violation  @ tree level  
 
 
Flavour Physics is extremely sensitive 
To New Physics (NP) 



 flavor physics can be used in two “modes”: 
 
1.  “NP Lagrangian reconstruction” mode 
-   an external information on the NP scale is required                   (i.e. LHC) 
-  the  main tool are correlations among observables 
-  needs theoretical control on uncertainties of both SM and NP contributions 
  
2. “Discovery” mode 
-  looks for deviation from the SM whatever the origin  
-  needs 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) 

Flavor vs New Physics	



the path leading to TeV NP	


is narrower after the results of	


the LHC at 7 & 8 TeV	


in any case will be further	


explored in the next run	





See also	


Laiho & Lunghi & Van de Water (http://krone.physik.unizh.ch/˜lunghi/webpage/LatAves/page3/page3.html);	


Lunghi & Soni (1010.67069).	





CKM 

 

THE 

See also	


Laiho & Lunghi & Van de Water (http://krone.physik.unizh.ch/˜lunghi/webpage/LatAves/page3/page3.html);	


Lunghi & Soni (1010.67069).	





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 

 

 



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 
 



VubVud+ VcbVcd+VtbVtd = 0 * * * 



For details see: 
UTfit Collaboration 

 
http://www.utfit.org 



K0
 - K0

   mixing 

Unitary 
Triangle 
   SM 

B0
d,s - B0

d,s  mixing Bd Asymmetry 

2005	



semileptonic decays	





Classical Quantities used in the  
Standard UT Analysis 

Inclusive vs Exclusive	


Opportunity for lattice 
QCD	



Vub/Vcb εK Δmd Δmd/Δms 

levels @ 
68% (95%) CL 

f+,F 

BK 

fBBB 1/2 ξ 



New Quantities used in the  
 UT Analysis  

sin 2β cos 2β α sin (2β + γ) 

B→J/Ψ K0 B→J/Ψ K*0 B→ππ,ρρ B→D(*)π,Dρ 

γ 

B→D(*)K 



Marco Ciuchini Page 22 KEK-FF 2013 



Marco Ciuchini Page 23 KEK-FF 2013 

 ρ = 0.129 +0.018
-0.009 η = 0.348 ± 0.012    ρ = 0.132 ± 0.021 η = 0.350 ± 0.014   

 α = (88.7 ±  3.1 )0  
sin2β = 0.693 ± 0.021 
β = (21.95  ±  0.87 )0  
γ = (69.2 ±  3.2)0  
A = 0.827 ± 0.013	



 λ = 0.2254 ± 0.0007 	


 

 α = (88.5 +  2.8 
-1.5 )0  

sin2β = 0.689 ± 0.019 
β = (21.79  +  0.78 

- 73 )0  
γ = (69.7 + 1.3 

– 2.8 )0  
A = 0.823 + 0.012

-0.033	


 λ = 0.2246 + 0.0019 

– 0.0001 	


 



Global Fit within the 
SM 

SM Fit 

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

Consistence on an 
over constrained fit 

of the CKM parameters 

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

      ρ = 0.129 +0.018
-0.009                

η = 0.348 ± 0.012   

 α = (88.5 +  2.8 
-1.5 )0  

sin2β = 0.689 ± 0.019 
β = (21.79  +  0.78 

- 73 )0  
γ = (69.7 + 1.3 

– 2.8 )0  
A = 0.823 + 0.012

-0.033	


 λ = 0.2246 + 0.0019 

– 0.0001 	


 



Spring 2013 	





εK	



103	



103	


103	



10-6	

 10-6	



B(B       τ ν) 0ld = (167 ± 30) 10-6 



 γmeas= (69.2 ± 3.2)0 

 γSM= (68.6 ± 3.6)0	



	


	



 γmeas= (68.0 + 8.0
– 8.5 )0 

 γSM= (69.7 + 1.3
– 2.8 )0	
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 inclusives vs exclusives  

~0.9σ 

sin2βUTfit = 0.76 ± 0.10    ← no semileptonic 

only 
inclusive 
values 

only 
exclusive 
values 

~1.3σ 

Sin2βUTfit = 
0.723 ± 0.036 

~2.6σ 

sin2βUTfit = 
0.781 ± 0.034 

courtesy of M. Bona 
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BK lattice = 0.733±0.029 
update FLAG value 

BK lattice = 0.766±0.011 
 

BK fit = 0.866±0.086 

A larger value of |Vcb| would reduce the deviation: 
|Vcb|excl: 1.5 σ → 1.1 σ 

A.  Buras, D. Guadagnoli,  G. Isidori 
Phys.Lett. B688 (2010) 309-313, 	



e-Print: arXiv:1002.3612 [hep-ph]	


	



NEED A BETTER 
CONTROL OF 	


Λ/mc CORRECTIONS 	
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Spring 2013 	



3.34 ± 0.12	



2.90 ± 0.07	


1.14 ± 0.22	



0.814 ± 0.072	
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Spring 2013 	



3.34 ± 0.12	



2.90 ± 0.07	


1.14 ± 0.22	



0.814 ± 0.072	
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*         the theory error in sin2β  from B → J/ΨK is small and  
          under control. A conservative bound obtained from 
          data is included in the analysis 
*  BR(B →τν) demands a large value of |Vub|.  
          The theoretical  uncertainty, due to fB, is controlled  
          by the fit 
*      The  εK deviation is triggered by improvements in BK 

 from the lattice and the inclusion of the ξ term à 
 la Buras-Guadagnoli(+Isidori). Yet the εK formula   
 is not under control at the few percent level 

*         |Vub| from semileptonic decays is still not theoretically 
           sound as necessary (incl. vs excl., models, f.f.,…).  
          Yet a simple shift of the central value alone cannot  
          reconcile sin2β  and BR(B →τν)  (and εK ) 



1)  Possible  tensions in the present SM Fit ? 
2)   Fit of NP-ΔF=2 parameters in a Model “independent” way 
3)   “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  



What for a ``standardissimo” CKM  
which agrees so well with the 
experimental observations?  

New Physics  at the EW 
scale is “flavor blind”   
-> MINIMAL FLAVOR 
VIOLATION, namely flavour 
originates only from the 
Yukawa couplings of the SM 

New Physics introduces new 
sources of flavor, the 
contribution of which, at 
most < 20 % , should be 
found in the present data, 
e.g. in the asymmetries of  
Bs decays 



…. beyond	


 the Standard Model 

UT Analysis:	


-  Model independent analysis	


-  Limits on the deviations 	


-  NP scale update	


 



CP VIOLATION  
 PROVEN IN THE 
SM !! 
 
degeneracy of 
γ broken by 
ASL 
 

Only tree level processes Vub/Vcb and B-> DK(*) 



Main Ingredients and General Parametrizations   

Neutral Kaon Mixing  

Fit simultaneously  CKM and NP parameters 
(generalized Utfit)	





Bd and Bs mixing 

Cq
Pen and φq

Pen parametrize possible NP contributions to	


 Γq

12 from b -> s penguins  



Physical observables 



assumptions: 
three generations 
no NP in  tree level decays 
no large NP EWP in B   ππ 
 
ρ =  0.147 ± 0.048           (ρSM =  0.133 ± 0.021) 
η = 0.370 ± 0.057           (ηSM = 0.350 ± 0.014)	
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TESTING THE NEW PHYSICS SCALE 
Effective Theory Analysis ΔF=2 

2( )
( )

j
j

j

jC
LF F

C
L

= ⇒Λ =
Λ

Λ
Λ

L is loop factor and should be :  
L=1 tree/strong int. NP 
L=α2

s or α2
W for strong/weak 

perturb. NP 

C(Λ) coefficients are extracted from data 

F1=FSM=(VtqVtb*)2 

Fj=1=0 MFV 

|Fj | =FSM
 

arbitrary phases NMFV 

|Fj | =1 
 arbitrary phases 

Flavour generic 

Effective Hamiltonian in the mixing amplitudes 









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)~15%   &  σ(η) ~4%. SM analysis shows a 
good overall consistency  

3)  There are a few  tensions that should be understood : sin2β, 
Br(Bàτ ν) and to a lesser extent εK .  A single value of  Vub  
cannot resolve the tensions.  

4)  In Bs  some tension in  aµµ  and leptonic asymmetries (assuming  
SM Γ12) 

5)  The suggestion of a large Bs mixing  phase has not survived  to 
LHCb measurements.  	



	


Thus for the time being we have to remain with a 

STANDARDISSIMO STANDARD MODEL  but … 	



CONCLUSIONS	





THANKS	
  FOR	
  YOUR	
  ATTENTION 


