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● provide (exact) gauge coupling unification (MGUT ≈ 1015-1016 GeV) 

● explain the origin of flavour, i.e. masses, mixing and CPV (MFlav= ??) 

● include gravity  (MPlanck = (ħc/GN)1/2 ≈ 1019 GeV) 

The Standard Model does not: 

● give a natural explanation of the hiearchy problem (MWeak << MPlanck) 

● explain the smallness of neutrino masses (mν ≈ (λv)2/M,  M ≈ 1015 GeV) 

● provide a viable dark matter candidate 

● produce the observed matter-antimatter asymmetry 

● explain “dark” (vacuum) energy 



Indirect searches look for new physics (NP) through virtual  
effects of new particles in loop corrections 
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● In the SM, FCNC and CP-violating processes occur at the loop level 

● In the SM, FV and CPV are governed by the weak interactions and 
    suppressed by mixing angles 

● In the SM, quark CPV comes from a single source (neglecting θQCD) 

NP does not necessarily share the SM pattern of 
FV and CPV: very large NP effects are possible 

Motivations for flavour physics 



K K K K x x 
sL ˜ dR ˜ g ˜ 

sL ˜ dR ˜ g ˜ 

St
an

da
rd

 
M

od
el
 

N
ew

 P
hy

si
cs

 

Past (SM) successes in anticipating heavy flavours: 
- 1970: charm from K0 →µµ (GIM) 
- 1973: 3rd generation from єK (Kobayashi and Maskawa) 
- mid 80s: heavy top from semileptonic decays and ΔmB 

Motivations for flavour physics 

Current and next-generation flavour experiments will improve the 
experimental precision/sensitivity by one order of magnitude 

-  Enough NP-insensitive observables to pin down the SM contribution 
with the required accuracy 

-  Several NP-sensitive observables not limited by systematics or  
     theoretical uncertainties 



|Vub/Vcb| εK Δmd Δmd/Δms 

b→u/b→c K0 – K0 Bd - Bd Bs - Bs 

f+,F,… BK fBBB 1/2 ξ 

Quark 
masses 

K

π

π

More difficult 
problems 

CKM matrix 
elements 

UTA Beyond SM 
physics 

Not covered 
in this talk 

Lattice QCD and flavour physics 



QUARK MASSES 
A benchmark calculation for Lattice QCD 

FLAG 
arXiv:1011.4408 !

- Many different methods to regularize QCD on the lattice 
- Green (Red) : Included (Not included) in the average 
- Full (Empty) :  Nf=2+1 (Nf=2) dynamical quarks [Nf=2+1+1 in progress] 
- Squares (Diamonds) : Non-perturbative (Perturbative) renormalization 8 



QUARK MASSES 
A benchmark calculation for Lattice QCD 

FLAG 
arXiv:1011.4408 !

                               (Nf=2+1) 
                                       (Nf=2) 

 ms/mud = 27.4 ± 0.4   (Nf=2+1) 

 ms/mud = 27.3 ± 0.9     (Nf=2) 

The accuracy is at the few per cent level 

 ms = 94 ±3 MeV

 ms = 95 ± 6 MeV
9 
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The FLAG colour coding 



FLAG-1 
G.Colangelo, 

S.Dür, A.Jüttner, 
L.Lellouch, 

H.Leutwyler, 
V.Lubicz, 
S.Necco, 

C.Sachrajda, 
S.Simula, 

T.Vladikas, 
U.Wenger, 

H.Wittig 

arXiv: 
1011.4408 !

Uncertainties 
are being 
carefully 

investigated 

FLAG - Flavour Lattice Averaging Group 

An example of 
FLAG table 

11 
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The CKM matrix 

VCKM =
Vud Vus Vub
Vcd Vcs Vcb
Vtd Vts Vtd

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟

A 3x3 unitary matrix which 
originates from the misalignement 
in flavour space of the up and down 

component of the SU(2)L quark 
doublet of the Standard Model 

In the quark mass eigenstate  
basis, VCKM appears in the  
quark charged-current  
interaction Lagrangian.  It is  
the only source of flavour-changing transitions and CP violation in the SM 

  Lcc = g
2 2

uiγ µ 1−γ 5( )
i, j
∑ VCKM( )ij d jW

µ + h.c.  

3 diagonal + 6 triangular relations  
⇒ 9 real parameters: 3 angles, 1 phase  
+ 5 unphysical phases rotated away by a 

redefinition of the quark fields 

⇒   θ12, θ13, θ23, δ 

  (VCKM
+ )ik (VCKM )kj

k
∑ = δ ij   
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The CKM matrix 

The PDG 
“standard” 

parametrization 

is the apex of the UT ρ  , η( )

λ ≡ s12 Aλ 2 ≡ s23 Aλ 3 ρ − iη( ) ≡ s13e− iδ

 
ρ  ρ 1− λ 2 / 2( )  

η η 1− λ 2 / 2( )

VCKM =
1 0 0
0 c23 s23
0 −s23 c23

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
×

c13 0 s13e
− iδ

0 1 0
−s13e

iδ 0 c13

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
×

c12 s12 0
−s12 c12 0
0 0 1

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⇒

VCKM =

c12c13 s12c13 s13e
− iδ

−s12c23 − c12s23s13e
iδ c12c23 − s12s23s13e

iδ s23c13
s12s23 − c12c23s13e

iδ −c12s23 − s12c23s13e
iδ c13c23

⎛

⎝

⎜
⎜
⎜⎜

⎞

⎠

⎟
⎟
⎟⎟

VCKM =
1− λ 2 / 2 λ Aλ 3(ρ − iη)

−λ 1− λ 2 / 2 Aλ 2

Aλ 3(1− ρ − iη ) −Aλ 2 1

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
+O λ 4( )

Wolfenstein ’83 
Buras et al., ‘94 



The most stringent unitarity test 

|Vud|2 + |Vus|2 + |Vub|2  = 1 

Vtb Vts Vtd 

Vcb Vcs Vcd 

Vub Vus Vud  Processes: K → lν , K → πlν  

 Theory input:  fK/fπ , f+(0) 
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THE CKM 1st ROW 
UNITARITY TEST 



  
K 

Vus  

Vus/Vud from Kµ2/πµ2 decays 

[Marciano 04] 

  
K π

Vus  

Vus from Kl3 decays 

us k

ud

V f
V fπ

 = 0.2758(5) (0)usV f+ = 0.2163(5)
arXiv:1005.2323 [hep-ph]  15 



Lattice results: 
fK/fπ and f+(0) 

  f+(0) = 0.956(8)  (Nf=2 & 2+1)  fK / fπ = 1.193(5)     (Nf=2+1) 

 fK / fπ = 1.210(18)     (Nf=2) 

  
K π

Vus  
  K 

Vus  

0.8% 0.4% 

Predictions of analytical model tends 
to be larger than lattice results First result with Nf=2+1+1 available 

[ FLAG ]  [ FLAG ]  

16 



•  |Vud| = 0.9743(2) 

The 1st row unitarity test 

•  |Vus| = 0.2254(9) From Kl2 and 
Kl3 decays 

ΔCKM = |Vud|2 + |Vus|2 + |Vub|2  - 1 = (0 ± 7)•10-4 

Results from fK/fπ [squares] and f+(0) [triangles] The 1st row unitarity plot   [FLAG] 

Combining with |Vud| from nuclear β decays: 

17 



ISOSPIN BREAKING EFFECTS 

Qu ≠ Qd : O(αe.m.) ≈ 1/100 

mu ≠ md : O[(md-mu)/ΛQCD] ≈ 1/100 

“Electromagnetic” 

“Strong” 

Though small, isospin breaking effects are important at the current 
level of precision in flavour physics. Their typical size is: 

Isospin breaking effects are also responsible for the stability of matter 
through the proton-neutron mass difference 

The lattice determinations are usually obtained in the limit of 
exact ISOSPIN SYMMETRY, i.e. mu = md and Qu = Qd = 0 

fK / fπ = 1.193(5) f+(0) = 0.956(8) 0.4% 0.8% E.g. 

The calculation of IB effects be on the lattice is challenging 18 



Expand the functional 
integral in powers of 

δm =(mu-md)/2     
O ∝ Dφ  O  e−S0+δm  Ŝ∫

1st

 Dφ  O  e−S0 1+δm Ŝ( )∫  O
0
+δm O  Ŝ

0

W 

  δMK
QCD / δmMS,2GeV = 2.64(7)

  
M

K0 −M
K +( )

QCD
= 2 δMK

QCD = 6.0(6)QED  MeV

� We find: 

� Using as input (from FLAG): 

one obtains: 

  md −mu = 2.28 (6)LQCD (23)QED  MeV

  md / mu = 0.51 (4)

The mass difference md-mu is a free parameter of the Lagrangian and one 
experimental input is needed to fix it. A simple choice is the mass splitting 
between the neutral and charged kaon  

19 

RM123	  collabora-on,	  G.M.	  de	  Divi-is	  et	  al.,	  arXiv:1110.6294	  	  

A strategy for Lattice QCD: the (md-mu) expansion 



W 

W 

� We find: 

� Using the previous result for md-mu, we obtain 

Isospin breaking effects in the ratio fK/fπ 

  δfK
QCD / δmMS,2GeV = -0.47(5)

� It can be compared with the ChPT estimate 

 
δ fK / fπ( ) / fK / fπ( )QCD

= -0.0022(6)

  
δ fK / fπ( ) / fK / fπ( )QCD

= -0.0034 (3)LQCD (3)QED

The neutron-proton 
mass splitting 

The K→πlν semileptonic 
form factors 

W 

Preliminary!!!

  
MN −MP( )QCD

= 2.7(9) MeV

  
MN −MP( )QED

= -1.4(9) MeV 20 



Vtb Vts Vtd 

Vcb Vcs Vcd 

Vub Vus Vud 
Processes: B→l ν, B→D/π l ν,   
                    K - K, B(s) - B(s) 
Theory input: fB, fBs, f+(0),  
             BK, BB, … 

Vud Vub + Vcd Vcb + Vtd Vtb = 0 * * * 

THE UNITARITY 
TRIANGLE ANALYSIS 



CPV ~ J = Im VijVil*VklVkj* 

The unitarity triangle 

VudVub
* +VcdVcb

* +VtdVtb
* = 0

Ru =
VudVub

*

VcdVcb
*

γ = arg −VudVub
*

VcdVcb
*

⎛
⎝⎜

⎞
⎠⎟

Rt =
VtdVtb

*

VcdVcb
* β = arg −VcdVcb

*

VtdVtb
*

⎛
⎝⎜

⎞
⎠⎟

Rue
iγ + Rte

− iβ = 1

Rue
iγ ≡ ρ + iη

Rte
− iβ = 1− ρ − iη

The relation can be rewritten as: 

with: 
The apex of the UT defines ρ  , η( )

 

ρ + iη = 1− A2λ 4

1− λ 2
ρ + iη

1− A2λ 4 ρ + iη( )

 1+ λ 2

2
⎛
⎝⎜

⎞
⎠⎟

ρ + iη( ) +O λ 4( )
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THE UNITARITY 
TRIANGLE ANALYSIS 

1  The past 
The “quenched” era 



Uncertainties in LQCD before 2006 

1.23(6) 
5% 

262(35) 
13% 

189(27) 
14% 

Hashimoto 
Ichep’04 

1.24(4)(6) 
6% 

276(38) 
14% 

193(27)(10) 
15% 

L.Lellouch 
Ichep’02 

1.16(5) 
4% 

267(46) 
17% 

200(30) 
15% 

C.Bernard 
Latt’00 

---- ---- 
175(25) 
14% 

J.Flynn 
Latt’96 

sBs
 [MeV]
f B  B

[MeV]
   f ξ

1.21(2)(5) 
4% 

246(16)(20) 
10% 

223(15)(19) 
11% 

N.Tantalo 
CKM’06 

For many years, uncertainties in lattice calculations have been dominated  
by the quenched approximation (or, more precisely, by the uncertainty  

on the quenching error) 

QUENCHED 

UNQUENCHED 
25 



CKM PARADIGM OF CP 

Ciuchini et al.,2000 

εK 

UTfit, today 

In spite of the relatively large lattice uncertainties, 
important results for flavour physics have been achieved 

sin2β 

CP-conserving and CP-violating 
processes determine the same 

CKM phase 

UTsizes 



Predictions exist since 1995 

PREDICTION OF Sin2β Ciuchini et al.,1995:    
Sin2βUTA = 0.65 ± 0.12 

Measurements 

Ciuchini et al.,2000:     
Sin2βUTA = 0.698 ± 0.066  

Direct measurement today: 
Sin2βJ/ψ K0 = 0.679 ± 0.024 

Some tension in the SM fit today: 
Sin2βUTA = 0.800 ± 0.050 



The predicted range was very large in 
the frequentistic CKMFitter approach 

Direct measurement today 
Δms = (17.7 ± 0.08) ps-1  

SM PREDICTION OF Δms 
LOOKING FOR NEW PHYSICS EFFECTS  

Ciuchini et al.,2000: 
Δms = (16.3 ± 3.4) ps-1  

UTfit today: 
Δms = (19.0 ± 1.5) ps-1  



THE UNITARITY 
TRIANGLE ANALYSIS 

2  The present 



|Vub/Vcb| εK Δmd 

b→u/b→c K0 – K0 Bd - Bd Bs - Bs 

Δmd/Δms 

      LATTICE QCD AND THE 
 UNITARITY TRIANGLE ANALYSIS 

UT-LATTICE 

UT-ANGLES 
sin 2β cos 2β α γ sin (2β + γ) 

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

f+,F,… BK fBBB 1/2 ξ 

l
-1 -0.5 0 0.5 1

d

-1

-0.5

0

0.5

1
a

`

_

)a+`sin(2

sm6
dm6 dm6

K¡

cbV
ubV

)ioABR(B

postEPS11
SM fit

|Vub| 

fB 

B→τν 

30 



The input currently used in the           is: 

(Nf=2+1) 
(Nf=2) 

  B̂K = 0.738(20)
[ FLAG ]    B̂K = 0.729(30)

3% 

           K0-K0 mixing: BK 

K K

[ FLAG ]  

31 

  
K

VqsVqd *

K

BMW’11!

After the FLAG report, a new result has been 
presented, which claims a remarkable accuracy: 

  B̂K = 0.773(12)
The average quoted at the latest Lattice 
conference is: 

R. Mawhinney @ Lattice 2011 !

ˆ =0.755(12)KB1.6% !! 

  B̂K = 0.750(20)3% 
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B-meson decay 
constants: fB, fBs 

  fBs / fB =1.192(16)
  fBs = 227(4) MeV

C.Davies @ Lattice 2011 !

2% 

  fBs / fB =1.200(20)
  fBs = 233(10) MeV4% 

C
O

R
TO

N
A 

19
90

 

  fB =194(9) MeV used by!



|Vub|excl.= (32.8 ± 3.0) 10-4 

Exclusive and Inclusive Vub 
 THEORETICALLY CLEAN     
BUT ONLY TWO MODERN 
LATTICE CALCULATIONS 

 IMPORTANT LONG DISTANCE 
CONTRIBUTIONS. THE RESULTS 

ARE MODEL DEPENDENT 

33 

|Vub|incl.= (44.0 ± 3.1) 10-4 

The	  uncertainty	  of	  inclusive	  Vub	  es-mated	  from	  the	  spread	  among	  different	  models.	  
This	  is	  ques-onable	  

2.6 σ 



Exclusive vs Inclusive Vub 

Improve	  the	  accuracy	  of	  exclusive	  Vub	  in	  order	  to	  clarify	  the	  issue	   34 

|Vub|SM-Fit =  (36.1 ± 1.4) 10-4 |Vub|input =  (38.2 ± 5.6) 10-4 

+ + 
EXCL. INCL. 

AVER. 
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ρ = 0.131± 0.022
η = 0.354 ± 0.015
A = 0.817 ± 0.015
λ = 0.2252 ± 0.0010

λ = 0.2250 ± 0.0023
Input value: 

     STANDARD MODEL PREDICTIONS 

The CKM Wolfenstein 
parameters: 

17% 

 4% 
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91.4 ± 6.1( )°
85.8 ± 3.9( )°

0.679 ± 0.024
0.80 ± 0.05

75.7 ± 9.2( )° & 
−103.9 ± 9.2( )°
68.5 ± 3.2( )°

●  Fit input    ●  SM fit prediction 

     STANDARD MODEL PREDICTIONS 

The angles: 

2.2σ tension 
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     STANDARD MODEL PREDICTIONS 

l
-1 -0.5 0 0.5 1

d

-1

-0.5

0

0.5

1

sm6
dm6 dm6

K¡

cbV
ubV

postEPS11
SM fit

l
-1 -0.5 0 0.5 1

d

-1

-0.5

0

0.5

1
a

`

_

)a+`sin(2

postEPS11
SM fit

UT-angles UT-lattice 

ρ = 0.129 ± 0.027
η = 0.340 ± 0.016

ρ = 0.155 ± 0.038
η = 0.404 ± 0.039

Lattice inputs are not so relevant today for the Standard Model analysis. 
But they are crucial when looking for new physics signals 



Assuming the validity of the Standard Model one can perform a fit of 
the hadronic parameters: 

     STANDARD MODEL PREDICTIONS 

fBs  = 250 ±12 MeV  [2011]
fBs  = 233±10 MeV  [2012]

fBs= 229 ± 7 MeV 

fBs / fBd = 1.215 ± 0.019 [2011]
fBs / fBd = 1.200 ± 0.020 [2012]

fBs / fBd = 1.219 ± 0.054

B̂K = 0.731± 0.035 [2011]

B̂K = 0.750 ± 0.020 [2012]

B̂K = 0.872 ± 0.094

●  Fit input    ●  SM fit prediction 
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     STANDARD MODEL PREDICTIONS 

BR(B→τν)= (1.64 ± 0.34) × 10-4 

BR(B→τν) = (0.83 ± 0.09) × 10-4 

Current 
average: 

Standard Model determinations from UTfit: 

BR(Bs→µµ) = (3.54 ± 0.28) × 10-9 

BR(Bs→µµ) < 4.5 × 10-9  @ 95%CL 

Best upper 
bound: 

2.6σ 
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Last minute news 

from BaBar !! 

N.B. Average does not include this measurement  

The SM prediction is excluded at 3.4σ 

arXiv:1205.5442 [hep-ex] 24 May 2012 



41 

       THE UTA BEYOND THE STANDARD MODEL 

A number of additional constraints are included: semileptonic asymmetries 
(ASL, ASL), lifetime differences and mixing phases (ΔΓd/Γd, ΔΓs/Γs, φs). d s 

The degeneracy on 
γ broken by ASL 

Model-independent determination 
of the CKM parameters 

Assumptions: 
 * three generations 
 * no NP in tree-level decays 
(* no large NP contributions to  
    EW penguin in B→ ππ and Γq) 

ρ = 0.134 ± 0.044
η = 0.403± 0.058

ρ = 0.131± 0.022
η = 0.354 ± 0.015

In the SM was 
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  Aqe
2iφq = CBqe

2iφBq Aq
SMe2iφq

SM

In the Standard Model:   Cxx = 1 , φxx  = 0 

       THE UTA BEYOND THE STANDARD MODEL 

● Bd and Bs mixing amplitudes 
(2+2 real parameters) 

● K mixing amplitude 
(2 real parameters) 

  

Re AK = CΔmK
Re AK

SM

Im AK = CεK
Im AK

SM

NP in mixing amplitudes parameterized in a general form: 

Observables: 



ASL
µµ = −7.9 ± 2.0( )×10−3

4σ ! 

43 

       THE UTA BEYOND THE STANDARD MODEL 

CDF: end of 2007 Added in 2008 Added in 2010 

Full data sample LHCb 

φs vs ΔΓs from Bs→J/ψ φ 
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CBd = 0.81 ± 0.12 

φBd = (-3.4 ± 3.7)o  

Bd-Bd mixing Bs-Bs mixing 

✦ 

CBs = 0.87 ± 0.10  
φBs = (-6.9 ± 5.6)o 

       THE UTA BEYOND THE STANDARD MODEL 



                      K-K MIXING BSM
 

Previous results in 
the quenched 

approximation only 
(and quite in 

disagreement) 

K K x x 
sL ˜ dR ˜ g ˜ 

sL ˜ dR ˜ g ˜ 

ETMC 2012 Babich et al. 2006 Donini et al. 1999 

in preparation 



                      K-K MIXING BSM
 K K x x 

sL ˜ dR ˜ g ˜ 

sL ˜ dR ˜ g ˜ LOWER BOUNDS ON THE NP SCALE: 

  
K | Heff

NP | K = C j Λ( )  
i , j
∑ W ji Λ, µ( )  K | Qi µ( ) | K

LATTICE QCD NP SCALE 

Ci(Λ)=FiLi/Λ2 

Li = loop factor 
Fi = flavour coupling 
(e.g. Li≃(αS)2 for gluino 

exchange in the MSSM) Li = Fi = 1 

UTfit 0707.0636 

 αs(Λ) Λ ∼ 4·104 TeV 
 αW

 Λ ∼ 104 TeV 
 √FSM Λ ∼ 102 TeV 
 √FSM αW

 Λ ∼ 3 TeV 



THE UNITARITY 
TRIANGLE ANALYSIS 

3   The future 
   The SuperB era 



La SuperB e il Cabibbo-Lab 



For example: testing the CKM paradigm at the 1% level 

“the dream” 

Today With a SuperB in 2016 

The theoretical accuracy must compete with the 
experimental one.  

Can we reach the 1% accuracy in Lattice QCD ?? 

LQCD at a SuperB factory (2016-) 



Cost of the “SuperB” lattice simulation 

Nconf = 120 

Ls = 4.5 fm 
[V = 1363 × 270] 

a = 0.033 fm 
[ 1/a = 6.0 GeV ] 
ˆ

sm/m = 1/12
[ Mπ = 200 MeV ] 

Simulation 
parameters 

~ 3 PFlop-years 
Affordable with 

1-10 PFlops available for 
Lattice QCD in 2016 ! VL @ 

1 TF 

40 TF 

Increase by ~103 
every 10 years 

2016: SuperB 



Hadronic 
matrix 
element 

Lattice 
error in 
2006 

Lattice 
error in 
2009 

 6 TFlop 
Year 

60 TFlop 
Year 

1-10 PFlop 
Year 

0.9% 0.5% 0.7% 0.4% < 0.1% 

11% 5% 5% 3% 1% 
fB 14% 5% 3.5 - 4.5% 2.5 - 4.0% 1 – 1.5% 

13% 5% 4 - 5% 3 - 4% 1 – 1.5% 

ξ 5% 2% 3% 1.5 - 2 % 0.5 – 0.8 % 

F B → D/D*lν 4% 2% 2% 1.2% 0.5% 
11% 11% 5.5 - 6.5% 4 - 5% 2 – 3% 

13% 13% ---- ---- 3 – 4% 

KB̂

Kπ
+f (0)

1/2
Bs Bsf B

Bπ
+f ,...
B K*/ρ
1T

→

[2012 LHCb] [2016 SuperB] [2009] 

VL, SuperB CDR,  
arXiv:0709.0451 

updated in arXiv:1008.1541 



The past 

the 
present 

and the 
future 

2016 @
 SuperB 

l
-1 -0.5 0 0.5 1

d

-1

-0.5

0

0.5

1
a

`

_

)a+`sin(2

sm6
dm6 dm6

K¡

cbV
ubV

)ioABR(B

postEPS11
SM fit
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Supplementary slides 
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K

Vus    
K π
Vus  

Assuming the Standard Model and combining with nuclear β decays 

1 

2 

4 

From 20 superallowed 
transitions 

[Hardy and Towner 08] 

one obtains: 

LQCD independent estimates of fK/fπ, f+(0) 

FLAG  [Flavianet Lattice Averaging Group]  (1st report) 
G.Colangelo, S.Dürr, A.Jüttner, L.Lellouch, H.Leutwyler, V.Lubicz, S.Necco, 

C.Sachrajda, S.Simula, T.Vladikas, U.Wenger, H.Wittig 

us k

ud

V f
V fπ

 = 0.2758(5)

(0)usV f+ = 0.2163(5)

kf fπ  = 1.192(6)/ (0)f+ = 0.960(5) | |usV = 0.2254(10)

and: 
3 

The error is at the per mille level: a challenge for Lattice QCD 



Exclusive vs Inclusive Vcb 

|Vcb|incl.= (41.7 ± 0.7) 10-3 

|Vcb|excl.= (39.5 ± 1.0) 10-3 EXCLUSIVE: 2 APPROACHES  
-  “double ratios” (FNAL) 
-  “step scaling” (TOV) 

Good agreement 

1.8 σ 
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