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Talk Overview
Briefly recap existing meas. and most recent extractions in kinetic scheme

● No new experimental results since 2010!

○ Most results (besides very high moments) are systematically limited

● Latest fits:

○ Phys.Rev.Lett. 114 (2015), 061802

○ Phys.Rev. D89 (2014) 014022

● Incorporate sum-rule results 
for charm-quark mass (Phys. 

Rev. D 80, 074010) and 2015 
results includes               
corrections HFAG Measurement overview
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Premise
Inclusive and exclusive Vcb exhibit a slight tension (~ 2.3 standard deviations)

Recently moved closer, but still a bit unsettling as both methods measure same 
fundamental parameter and serve as input for SM predictions (e.g. for Bs → μμ)



Inclusive |Vcb|: An experimentalist's guide

At parton level, the decay rate for b → c l  can be calculated accurately and is 
proportional to |Vcb|
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● To relate measurements of semileptonic B-meson decays to  |Vcb|
2 the 

parton-level expressions have to be corrected for the effects of 
non-perturbative effects. 

● Heavy-Quark-Expansions (HQE) successful tool to incorporate perturbative 
and nonperturbative QCD corrections. 

● E.g. total decay rate expanded in the kinetic scheme

● Determine the five parameters + |Vcb| from a simultaneous fit to moments



A moment for moments

● Moments of the lepton spectrum (<El
n>) or invariant mass squared spectrum 

(<Mx
2n>) show small dependence on Wilson factorization scale of HQE

● Ideal observable to extract the 5 non-perturbative parameters + |Vcb| 

○ Also some benefit in using combined mass and energy moments (Gambino, Uraltsev), but 

none of the recent fits include this (plus there is only one measurement providing those)

Moments are measured with incremental cuts on the lepton momentum



Confronting the data

● Fit measured moments with 2 using the standard construction

● Moments mostly sensitive to ~ mb - 0.8 mc; need to include information of at 

least one heavy quark
○ Uncertainty on mc much smaller than on mb thus preferably to constrain mc 

● Theory correlations important; two sources:
○ Missing higher order corrections → Taken into account in state-of-the-art fits

○ Terms that violate quark-hadron duality → not included 

● Included by adding to experimental covariance in fit
○ Ctot = Cexp + Ctheo

○ Would be interesting to see if a N(uisance) P(arameter) based implementation would yield 

identical results



Lepton spectrum measurements
Lepton spectrum moments

● Can either be measured fully inclusive, hadronically tagged or via lepton tag 
of second B-meson decay

Centre-of-mass frame

Belle hadronic tag with 140/fb [4]BaBar lepton tag with 47.4/fb [2] (cf. slide 2)

B-meson rest frame



Belle hadronic tag with 140/fb [4]

BaBar lepton tag with 47.4/fb [2] (Moments unfolded to B-meson rest frame)

First error is stat., second syst. Lepton momentum cut

Mn = 



Hadronic mass spectrum measurements

Needs to be measured with a hadronic tag (otherwise cannot be reconstructed reliably)

BaBar hadronic tag with 210/fb [1]

El > 0.8 GeV

El > 1.9 GeV

Belle hadronic tag with 140/fb [3]



Calibration / Unfolding is crucial

Non-trivial task to unfold measured moments; need mX dependent calibration

Example from BaBar:  

BaBar hadronic tag with 210/fb [1]



Belle hadronic tag with 140/fb [3]

BaBar hadronic tag with 210/fb [1]; tables for k = 1,2,3,4,5,6

First error is stat., second syst. Lepton momentum cut



Fitting time (New HFAG Fall 2016 result)

Fitting all these inputs and the latest predictions from Phys.Rev.Lett. 114 (2015), 061802 we 
are ready to fit for |Vcb|

BaBar [2]

Belle [4]

First Lepton Moment Partial BF (zeroth order moments)

Others [7]

http://arxiv.org/abs/arXiv:1411.6560


Example of hadronic moments: grey band: fit error (including theory errors)

BaBar [1]
Belle [3]

Others 
[5,6]



|Vcb| and mb (New HFAG Fall 2016 result)

Fit result: 2 =14.6 over 43 ndf (P-Value: > 99%)

● Good p-value driven by conservative theory errors

● Without theory errors 2  is of O(80) (P-Value < 0.05%)
○ Theory errors very important. 

○ Inclusion of mc constraint reduces impact of different theory correlation 

assumptions (cf. next slide)



Theory correlations

Phys.Rev. D89 (2014) 014022

A

B C

D

Same, but with 
mc constraint

http://arxiv.org/abs/arXiv:1307.4551
http://arxiv.org/abs/arXiv:1307.4551


Correlations: |Vcb| versus mb



Correlations: μ 2
 versus mb



Conclusion
Belle II likely will not significantly improve the experimental picture on inclusive 

|Vcb| immediately

● Current errors driven by systematic limitations and by theory limitations

● Would be interesting to include external mb mass into fit to see how 

compatible things are or move theory errors to a Nuisance Parameter scheme

● Also would be interesting to include and compare to B → Xs ɣ again to test 

compatibility between semileptonic and radiative constraints on HQE 

parameters

● Also would be interesting to update 1S fit

Christoph Schwanda, CKM 2012



Backup



Systematic uncertainties on moment measurements
BaBar hadronic tag with 210/fb [1]



Systematic uncertainties on moment measurements
BaBar lepton tag with 47.4/fb [2]



Systematic uncertainties on moment measurements
Belle hadronic tag with 140/fb [3]



Systematic uncertainties on moment measurements
Belle hadronic tag with 140/fb [4]


