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All CP-violating phenomena are described by a single

parameter in the Standard Model, the KM phase
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The CKM mechanism
• The charged current interaction in the SM

• VCKM is a unitary 3x3 matrix;

it contains three real parameters and one complex phase

• Its unitarity is commonly represented by the unitarity triangle

[Kobayashi, Maskawa, Prog.

Theor. Phys. 49, 652 (1973)]
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|Vcb| from inclusive semileptonic B decays

• Semileptonic width in the framework

 of Heavy Quark Expansion

• Two separate calculations available:

– kinetic running mass [P.Gambino, N.Uraltsev, Eur.Phys.J. C34, 181]

– 1S mass [C.Bauer, Z.Ligeti, M.Luke, A.Manohar, Phys.Rev. D70, 094017]

• Non-perturbative parameters in the 1/mb expansion
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• Non-perturbative parameters can be measured from

inclusive observables in B decays

Inclusive El spectrum

[Phys.Rev. D75, 032001 (2007)]

Inclusive M2
X spectrum

[Phys.Rev. D75, 032005 (2007)]

rate

shape

shape

shape

B  Xs 
[hep-ex/0508005]

Non-perturbative

parameters
(mb, mc, μ

2 , …)

|Vcb| at 1-2%
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• One B is fully reconstructed in the modes B  D* { , ,a1}

• Advantages

– Low backgrounds (small background uncertainty)

– Good M2
X resolution (0.8 GeV2/c4)

Full reconstruction tag

61,365±531 tags 41,027±368 tags

comb. bkgrd.

B B Y(4S)  B B
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Electron energy spectrum in B  Xc l 
(in the B rest frame)

140 fb-1 Y(4S) data

B0 B+
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Hadronic mass spectrum in B  Xc l 

140 fb-1 Y(4S) data

B0+B+
B0+B+
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• The moments are calculated from the unfolded spectra to minimize
Xc l  model dependence

electron energy moments as fct. of minimum lepton energy

hadronic mass moments as fct. of minimum lepton energy

(averaged over

charged and neutral

tags)
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• Interpretation of the data using two sets of theoretical calculations

• Points with Emin > 1.5 GeV (Xc l ) and Emin > 2 GeV (Xs ) are

excluded for theoretical reasons

• Correlations of experimental and theoretical uncertainties are

taken into account

Input to the |Vcb| fit
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Fit result in the 1S mass scheme

Green: fit error, red: theory error 2/dof. = 5.7/17

preliminary
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Fit result in the kinetic running mass scheme

yellow: theory error
2/dof. = 17.8/24

preliminary
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Global fit to Belle data

Kinetic scheme (Xcl +Xs  data)

|Vcb| = (41.93±0.65fit±0.07 s±0.63th) x 10-3

mb = 4.564 ± 0.076 GeV

mc = 1.105 ± 0.116 GeV

1S scheme (Xcl +Xs  data)

|Vcb| = (41.49±0.52fit±0.20 ) x 10-3

mb = 4.729 ± 0.048 GeV

1 = -0.30 ± 0.04 GeV2

The result for mb compatible after

scheme translation

2/dof. = 5.7/17

[hep-ex/0611047] preliminary

2/dof. = 17.8/24
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Summary

• |Vcb| inclusive [hep-ex/0611047] preliminary

– |Vcb| has been measured to 1-2% precision
using inclusive B decays

– Good agreement between different
theoretical frameworks

– Consistent also with KM theory

41.93±0.65fit±0.07 s±0.63thkinetic scheme

41.49±0.52fit±0.20 B1S scheme

|Vcb| (10-3)



Backup slides
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