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Abstract

We have analyzed K0 - K0 and B0 - B0 mixing on the basis of the most
recent experimental results and theoretical lattice determination of the
relevant matrix elements. We find that a top mass larger than 140 GeV
and fB ≥ 200 MeV, as suggested by recent lattice calculations, imply
a CP-violating asymmetry in B → J/Ψ + Ks decays much larger
than previously estimated. We also report the corresponding theoretical
 prediction for ε'/ε, for which rather large experimental and theoretical
 uncertainties still exist.





Global Fit within the SM SM Fit

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
flavour
structure
and of  CP
violation

 ρ = 0.132 ± 0.020 

 η = 0.353 ± 0.014 

Consistence on an
over constrained fit

of the CKM parameters

 α = (88 ±  3)0

sin2β = 0.695 ±
0.025??

β = (22 ±1)0

γ= (69 ±  3)0



SM predictions
of Δms

SM expectation
Δms = (18.3 ± 1.3 ) ps-1

agreement between the predicted values
 and the measurements at better than :
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Legenda

Δms

10

Prediction “era” Monitoring “era”

Exp
Δms = (17.77 ± 0.12  ) ps-1



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
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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

GIM



B-

W-
νl

l-

0.2163(5)

0.2758(5)

via non pert. quantities



0.2163(5)

0.2758(5)

B-

W-
νl

l-

via non pert. quantities



Precision at the per mille level !!
The K -> pi vector form-factor at zero momentum transfer on the lattice.
D. Becirevic, G. Isidori, V. Lubicz, G. Martinelli,
F. Mescia, S. Simula, C. Tarantino, G. Villadoro Published in Nucl.Phys. B705 (2005) 339-362
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2010



LATTICE RESULTS FOR     fK /fπ       &    f+(0)
Lubicz LP2011



First row VCKM Unitarity Test          Lubicz LP2011



F. Sanfilippo
ETMC @
Lattice2011

Ahhh the
modern PhD
students !!!













Electromagnetic and ``strong” QCD IB corrections

The electromagnetic corrections are logarithmically divergent,
corresponding to the renormalization of the up and down quark masses
(or qq or qτ3q)
Using Dashen theorem:

Eur. Phys. J. C71 (2011) 1695
FLAG



No details  on the lattice
analysis only a bunch of
(preliminary) results

Cirigliano
Neufeld 
-0.0022(6)



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



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



FCNC in rare K decays





Why we like  K → π ν ν    ? 
For the same reason as AJ/ψ Ks :
1) Dominated by short distance dynamics
(hard GIM suppression, calculable in pert. theory ) 
2) Negligible hadronic uncertainties 
     (matrix element known)

O(G2
F )  Z and W penguin/box  s → d ν ν diagrams

SM
Diagrams



Heff  =G2
F α/ (2√ 2 π s2

W )[ Vtd Vts
*
  Xt + Vcd Vcs

*
  Xc ] ×

                      ( s γµ (1 -  γ5 ) d) ( ν γ
µ (1 -  γ5 ) ν )

 NLO QCD corrections to Xt,c  and O(G3
F m4

t) 
 contributions known

 The hadronic matrix element ‹ π | s γµ (1 -  γ5 ) d | K›
is known with very high accuracy from Kl3 decays

  Sensitive to Vtd Vts
*   and expected large CP 



CP Violating
KL → π0 ν ν 

O(λ5
  m2

t ) + i O(λ m2
t )

O(λ  m2
c ) + i O(λ 5 m2

c )
O(λ 

 Λ
2
QCD ) 

BR(KL)SM = 4.30 × 10-10 (mt (mt )/170GeV)2.3 ×
(Im(Vts

*
 Vtd )/ λ5

 )2 = (2.8 ± 1.0) × 10-11

dominated by the
top quark contribution
-> short distances
(or new physics)

theoretical error   ˜ 2 %

Using Γ(KL → π0 νν) < Γ(K+ → π+ νν)  
One gets BR(KL → π0 νν) <  1.8 × 10-9 (90% C.L.)
 2 order of magnitude larger than  the SM expectations



A(s → d ν ν ) 
O(λ5

  m2
t ) + i O(λ5

  m2
t )       CKM suppressed

O(λ  m2
c ) + i O(λ 5 m2

c )
O(λ 

 Λ
2
QCD )                               GIM 

CP conserving: error of O(10%) due to NNLO
corrections in the charm contribution and

Error can be halved by LQCD !!







Blois ‘87 (1987)



Luciano writing a paper 
 with Massimo Giancarlo Marco and Guido M.

&

The sign of ε  (or the missed dinner  !!)



SUMMARY

WORK IN PROGRESS 


