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Motivation
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● |Vub| puzzle: ca. 3σ tension 
between exclusive and inclusive 
determinations

● Measurements challenging due to 
B→ Xc lν 

Clear separation only possible in 
certain kinematic regions, e.g.
lepton endpoint or low MX

3σ

B→ Xc lν
x 1/50

B→ Xc lν
x 1/50



Overview on Reconstruction Strategy
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● Using full Belle dataset of 711 fb-1

● Hadronic tagging with Neural 
Networks ( ca. 0.3-0.2% efficiency)

Can fully assign each final state particle to 
either the tag or signal side 

→ Allows to reconstruct X system

● Hadronic system X: 

● Missing mass squared: ● Leptonic system: 

Reconstructed kinematic variables

X system
properties



Background Suppression BDT
● Use machine learning (BDT) to suppress backgrounds 
● BDT output and top ranking input feature vaiables are shown
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Inclusive Events

no Cut
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Backgrounds
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After BDT Selection

Signal

SignalSignal
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Preliminary Preliminary
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Backgrounds

Backgrounds

Backgrounds
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Signal Extraction
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● Extract signal using binned likelihood in 3 phase space (PS) regions

○ Eℓ
B > 1 GeV (covers 86% of available signal PS)

○ Eℓ
B > 1 GeV, MX < 1.7 GeV ( 56%)

○ Eℓ
B > 1 GeV, MX < 1.7 GeV, q2 > 8 GeV2 ( 31%)

→ Fit either Eℓ
B ,MX, q2 or MX:q2

→ MC templates for signal, signal-out (outside PS)  & background

 In total carry out five fits:
Apply additional kinematic cuts for Eℓ

B and q2 fits to reduce  B→ Xc lν modelling

1D fit

2D fit



Fits for Eℓ
B > 1 GeV, MX < 1.7 GeV 
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Signal

Preliminary

ΔB = (1.04 ± 0.04stat ± 0.07sys) x 10-3 ΔB = (1.09 ± 0.05stat ± 0.10sys) x 10-3

Signal

Preliminary

Preliminary Preliminary

BaBar (2012): ΔB = (1.15 ± 0.13) x 10-3

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032004


Fit for Eℓ
B > 1 GeV
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Preliminary Preliminary

Signal
Signal

Projections of 2D fit resut:

ΔB = (1.56 ± 0.06stat ± 0.12sys) x 10-3

Preliminary
BaBar (2017): ΔB = (1.55 ± 0.12) x 10-3

BaBar (2012): ΔB = (1.82 ± 0.19) x 10-3

Belle (2010):ΔB = (1.96 ± 0.23) x 10-3

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.072001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.104.021801


Theoretical Decay Rates & |Vub|

● 𝜏B average B meson lifetime: (1.579 ± 0.004) ps
● ΔΓ: Use state-of-the-art theory: BLNP, DGE, GGOU, ADFR to 

determine |Vub|

10
[in unit of ps-1]



Preliminary Results on |Vub|
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● MX:q2 fit most precise & covers largest phase-space (~86%)

Preliminary



Stability over Bkg Contamination

Change of result if background is increased (+37%) or decreased (-26%) 
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nominal selection

Nominal cut

Extracted |Vub| remains stable:
→ -0.2% and +1.2% 

Preliminary

Preliminary



Average Result on |Vub|

13

Arithmetic average over results of four theory calculations: 

    |Vub| (avg)  = (4.06 ± 0.09stat ± 0.16sys ± 0.15theo) x 10-3 

Value is compatible with excl. and CKM expectation within 1.4 σ and 1.6 σ

Preliminary



Summary on|Vub|over Time
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This work (Belle Preliminary)



Summary

● Preliminary resluts are obtatined with hadronic tagged 
analysis with full Belle dataset:

ΔB(B→ Xu lν, EB
l > 1 GeV) = (1.56 ± 0.06stat ± 0.12sys) x 10-3

→ |Vub| (avg)  = (4.06 ± 0.09stat ± 0.16sys ± 0.15theo) x 10-3 

● The measured partial branching fractions for various PS are 
compatible with the previous Belle and BaBar results.

●  |Vub| tension between excl. and incl. measurements is 
found to be ca. 1.4 standard deviations.
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Thank you
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Backup
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Background B→Xclν MC
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● Update excl. BR to PDG2019 and the masses and widths of D**.
● To fill the gap between the inclusive and exclusive measurement, 

additional MC samples were generated. (100% uncertainty on BR in 
systematics covariance matrix)

BR                                       B+                                           B0

D, D*

D**

Gap



Shape uncertainties

Total Xu model errors: ca. 4 - 7.6%

Most inclusive meas (2D fit): 5.3% 

Previous Belle result with same 
same phase space: 6.3%

Systematics on Partical BF
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Effect on normalization

small due to coarse mX binning

sizeable due to 
impact on eff. 

large due to direct dependence on q2 shape & 
separation of q2 > 8 GeV2

Preliminary



Details on Theory Rates
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