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B ππ, ρπ, ρρ...

+other charmonium

radiative decays Xsγ,Xdγ, Xsll

B DK
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Flavour Physics in the Standard Model (SM) in the quark sector:

10 free parameters 

6 quarks masses 4 CKM parameters
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In the Standard Model, charged weak interactions among quarks 
are codified  in a 3 X 3 unitarity matrix :      the CKM Matrix. 

The existence of this matrix conveys the fact that the quarks 
which participate to weak processes are a linear combination 
of mass eigenstates

The fermion sector is poorly constrained by SM + Higgs Mechanism
mass hierarchy and CKM parameters 
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The mass is a LEFT-RIGHT coupling and has to respect the gauge invariance SU(2)L × U(1)Y

h (I=1/2,Y=1)

φψ ψ RL

. . .. . .
L L Lj j jR R Rj j j
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To have mass matrices diagonal and real, 
we have defined: †( )f f f f

L RM diag V M V=

. .( ) ; ( )
i L i Rj j

d Int d Int
L L ij R R ijd V d d V d= =

The mass eigenstates are:

The Lagrangian for the gauge interaction is:
†( ) . .
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gL u V V d W h cμ
μγ= +
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M ij ij ijL M d d M u u M l l= + +

To have mass matrices diagonal and real, 
we have defined: †( )f f f f

L RM diag V M V=

. .( ) ; ( )
i L i Rj j

d Int d Int
L L ij R R ijd V d d V d= =

The mass eigenstates are:

The Lagrangian for the gauge interaction is:
†( ) . .

2 Li j

u d a
W L L L

gL u V V d W h cμ
μγ= +
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Diagonal elements ~ 1

Vus ,   Vcd ~ 0.2

Vcb ,   Vts ~ 4× 10-2

Vub ,  Vtd ~  4 × 10-3

Generally for a rotation 3x3 matrix in complex plane

3angles + 1 « irreducuble » phase

The only responsible of CP violation in SM
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A λ3(1-ρ-iη) -Aλ2t

d, sb
d, s b

Vtd ,Vts

B Oscillations

A λ3(ρ−iη)

Aλ2

1
Vtb

c,u

B decays

b
Vub,Vcb

The CKM Matrix Wolfenstein parametrization
4 parameters : λ ,A, ρ, η

The b-Physics plays a very 
important role in the determination 

of those parameters  
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The Unitarity Triangle 

† † 1V V V V= =
The CKM is unitary

The non-diagonal elements of the
matrix products correspond to 

6  triangle equations

* * * 0ub ud cb cd tb tdV V V V V V+ + =
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b→cℓν and b→uℓνBd and Bs mixingεK : CPV in K decaysB→ccs : φ1 /βB→ππ/ρπ/ρρ : φ2/αB→DK : φ3/γ

How to fit the UT parameters and fit new physics

From M.H. Schune
plenary talk EPS2005
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From childhood

To precision
era
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-0.0132.280εK (10-3)

-0.084.21mb (GeV)

0.090.060.79BK

4.72.738.0Vub (×10-4) (excl.)

-4.443.9Vub (×10-4) (incl.)

0.60.741.6Vcb (×10-3) (incl.)

2.141.4Vcb (×10-3) (excl.)

0.0320.687sin2β

0.060.041.24ξ

-38276(MeV)

0.11.3mc (GeV)

3.9165.0mt (GeV)

sens.18.3 ps-1 95% CL> 14.5 ps-1 95%CLΔms (ps-1)

0.0060.502Δmd (ps-1)

0.0140.2258λ

Error(Flat)Error(Gaussian)ValueParameter

^

ss
BBf B

The Standard UTfit STD FIT
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UTFit within the SM

ρ = 0.214 ± 0.047 
η = 0.343 ± 0.028 
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Crucial Test of the SM in the quarks sector
determination of CP violating parameters

measuring CP-conserving observables

CP-violating
observableswas/is the strong

motivation for the
B-Factories

DONE!!

UTFit within the SM

Coherent picture of CP
Violation in SMsin 2 0.793 0.033β = ± from sides-only 

B J/ψ K0sin2β  = 0.687 ± 0.032

Some discrepancy wrt past
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Predictions of
different groups

Measurement
sin2β Saga
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B-Factories has also shown that
the other angles can be measured.

WeWe are are alreadyalready wellwell beyondbeyond thethe firstfirst phase.phase.

α γ 

cos2β sin(2β) 

sin(2β+γ) 

UTFit within the SM

See Nando Ferroni Seminar

UT with angles only

β 
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Tree Processes could be used to « discover » NP : comparing «direct» (which are NP free) 
and «indirect» (where there is NP contributions)  measurements of the same quantity. 

Predictions

γ = (57.9 ± 7.4)°
γ =    65.0 ± 18.0
γ = -115.0 ± 18.0

Other piece showing that :we are probably beyond the era of « alternatives» to 
the CKM picture. NP should appear as «corrections» to the CKM picture

NEW crucial TEST
« Partially » DONE
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All available information together

0.216 ± 0.036ρ
0.342 ± 0.022η

(57.6 ± 5.5)°γ°
(98.5 ± 5.7)°α

0.735 ± 0.024
(23.8 ± 1.5)°

sin(2β) 
β

UTFit within the SM
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± (0.18± 0.11)ρ

± (0.41 ± 0.05)η

Fit with NP independent variables

(similar plot in Botella et al. hep-ph/0502133)

If we use only Tree level processes -which can be assumed to be NP free-

It is very important to improve
Vub/Vcb from s.l decays

γ from tree level proceses

See Gino Isidori seminar
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Parametrizing NP
physics in ΔF=2 processes
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5 new free parameters
Cs,ϕs Bs mixing
Cd,ϕd Bd mixing
CεK K mixing

XXγ (DsK)
X~XACP (J/Ψ φ)

Xγ  (DΚ)
XΔms

X

CεK

X
X           

X             

Cd,ϕd Cs,ϕsρ , η

Xα (ρρ,ρπ,ππ)
XACP (J/Ψ Κ)
XεK

XΔmd

XVub/Vcb

Today :  fit possible with 6 contraints and
5 free parameters (ρ, η, Cd,ϕd ,CεK)
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Fit in a NP model independent approach
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Ψ = +

= −

=

Not yet available
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Vub/Vcb

γ  (DΚ)

Δmd ACP (J/Ψ Κ)

εK

Using

α cos2β ASL

Fit in a NP model independent approach

SM-like solution  93%

NP         solution  7%
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NP in ΔB=2 and ΔS=2 could be up to 50% wrt SM only if has the same phase of the SM

CBd = 1.10± 0.48 φBd = (4.6 ± 2.6)o Cε = 0.93 ± 0.22

Fit in a NP model independent approach



20

WHY 
IT IS IMPORTANT 

TO GO ON….
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MFV New CP in b→s

-- ΔΔF=1  F=1  PenguinsPenguins transitionstransitions

-- TheThe BBss physicsphysics ((LHCbLHCb//TevatronTevatron))

-- ImprovementsImprovements existingexisting measurementsmeasurements

-- Rare Rare decaysdecays ((notnot discusseddiscussed in in thisthis talk)talk)

What to do ? 

TWO POSSIBLE SCENARIOS

Subjet of the Gino Isidori seminar

I’ll give just two examples
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A crucial test  the measurement of Δms

without using the limit on Δms

Δms = 22.2 ± 3.1 ps-1

[15.0, 26.1] @ 95% CL

It is crucial to improve the precision on the Lattice quantities (fBs,ξ) to have a better
prediction for Δms to be compared with the future measurement

Δms will be precisely measured as soon as
it will be measured ~ σ(Δms) < 1ps-1

Δm    > 31 ps-1 @ 3 σ
> 38 ps-1 @ 5 σ

LHCb/(TeVatron ?)
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CKM Matrix in ≤2010-where we will be
We have supposed that 

- B Factories will collect 2ab-1

- two years data taking at LHCb (4fb-1)

β < 1° from charmonium
α ~ 7 °
γ ~ 5°

(half B-factories/half LHCb)

Vub ~ 5%
Vcb ~ 1%

Δms at 0.3ps-1

(Tevatron or/and LHCb)

fB√BB ~ 5%
ξ ~ 3%
BK ~ 5%

Inputs

0.240 ± 0.017ρ

0.307 ± 0.010η

51.7 ± 3.0γ[°]

-0.543 ± 0.093sin(2α)

0.694 ± 0.012sin(2β)

Outputs

sin2χ ± 0.045 

CKM2010
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φBd = (-0.1 ± 1.3)o CBd = 0.98 ± 0.14 φBs = (0.0 ± 1.3)o CBs = 0.99 ± 0.12

in 2010 : same and impressive precision on b →d and b →s transitions

In the « sad » hypotesis the SM still work in 2010…. CKM2010

VERY IMPORTANT

We cannot stop before having doing that !!
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Conclusions

UTfits are in a mature age with recent
precise measurement of UT sides and angles

φBd ~ 0

The SM CKM picture of CP violation and
FCNC is strongly supported by data

At least in this sector, we are beyond the alternative
to CKM picture, and we should look at « corrections ». 

We need precision measurements to test NP and to push the NP scale in  
interesting ranges and to play the complementarity at LHC

Generic NP in the b → d start to be quite constrained

What about the b→s sector ? Still large room for NP.
LHCb plays the central role on it.

AFB (Xsl+l-), AFB (K*γ)
Δms , Bs →J/ψφ Bs → μμ


