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• Using full Belle dataset of 711 fb-1

• Hadronic tagging with Neural Networks ( ~ 0.2-0.3% efficiency)
• Based on machine learning (BDT) to suppress backgrounds with 11 training features, e.g. MM2,#K±, #Ks.
• Measure differential spectra of 6 kinematic variables in the phase space of ElB > 1 GeV:  

                            q2 ,       ElB ,      MX  ,      MX2 ,      P+ ,     P— (light-cone momenta: P± = EX ∓ |pX| )

Measurement of Differential Branching Fractions of Inclusive  DecaysB → Xuℓν
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+  16 pages supplement and 50 tables on HepData

https://journals.aps.org/prl/supplemental/10.1103/PhysRevLett.127.261801/Supplemental_Material.pdf
https://www.hepdata.net/record/ins1895149


Analysis Workflow
Brief Recap
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Shortly on analysis details, focus on which data is preserved and why

Event Reconstruction Background subtraction Unfolding Eff. & acc. correction
Differential BR & 
full experimental 

correlations
Further outcome based 
on measured spectra
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Background subtraction Unfolding Eff. & acc. correction Further outcome based 
on measured spectra

• Reconstruct  decays and key kin. variables


• Apply all necessary selections to enhance signal 
significancy (e.g. BDT score)


• Strategy inherited from the partial BR measurement 
[Belle: Phys. Rev. D 104 (2021) 1, 012008]

B → Xℓν

Before BDT selection
After all selections

Event Reconstruction
Differential BR & 
full experimental 

correlations
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• Fit MX distribution and subtract background events from data

• Fit uncertainty and correlations fully propagated into bkg-subtracted spectra

After all selections

Event Reconstruction Background subtraction Eff. & acc. correction Further outcome based 
on measured spectraUnfolding

Differential BR & 
full experimental 

correlations
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Event Reconstruction Background subtraction Unfolding Eff. & acc. correction Further outcome based 
on measured spectra

Differential BR & 
full experimental 

correlations

• Measured spectra are usually distorted and 
transformed by various detector effects (resolution, 
acceptance, etc.) ==> Need unfolding


• Singular-Value-Decomposition (SVD) [NIMA 
372:469(1996)] is used in this analysis
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Event Reconstruction Background subtraction Unfolding Eff. & acc. correction Further outcome based 
on measured spectra

• Measured spectra are usually distorted and 
transformed by various detector effects (resolution, 
acceptance, etc.) ==> Need unfolding


• Singular-Value-Decomposition (SVD) [NIMA 
372:469(1996)] is used in this analysis Migration Matrix

Bkg-subtracted spectrumIngredients provided on HepData allow: 

• EXP: utilise another unfolding method 
• TH: forward-fold to smear theoretical predictions 

(can be used to compare with observed spectra w/o unfolding)

Differential BR & 
full experimental 

correlations
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Event Reconstruction Background subtraction Unfolding Eff. & acc. correction
Differential BR & 
full experimental 

correlations
Further outcome based 
on measured spectra

• Measured phase space (PS): ElB > 1 GeV

• Correction factors for selection efficiency and PS 

acceptance are provided for all kin. variables
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Event Reconstruction Background subtraction Unfolding Eff. & acc. correction
Differential BR & 
full experimental 

correlations
Further outcome based 
on measured spectra

Necessary input for a global fit

Full experimental correlation matrix
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Event Reconstruction Background subtraction Unfolding Eff. & acc. correction
Differential BR & 
full experimental 

correlations
Further outcome based 
on measured spectra

• Provide direct input for theory community:

• Summed differential BRs & full correlations

• 1st-3rd moments of each measured differential spectrum & full correlations

Crucial input for theoretical extraction of non-perturbative shape function & incl. |Vub|

 1st - 3rdMX  1st - 3rdq2  1st - 3rdEB
ℓ  1st - 3rdP+  1st - 3rdP−

 1st - 3rdMX

 1st - 3rdq2

 1st - 3rdEB
ℓ

 1st - 3rdP+

 1st - 3rdP−

3rd moment of dB/dEB
ℓ

Full experimental correlation matrix
Full experimental correlation matrix
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Event Reconstruction Background subtraction Unfolding Eff. & acc. correction
Differential BR & 
full experimental 

correlations
Further outcome based 
on measured spectra
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Event Reconstruction Background subtraction Unfolding Eff. & acc. correction
Differential BR & 
full experimental 

correlations
Further outcome based 
on measured spectra



Hands-on Example

• 1D: yields, efficiency, differential branching fractions, moments, etc. 

• 2D: all matrices, i.e. covariance, correlation, migration 

• Binned: differential branching fractions, efficiency, migration, etc. 

• Unbinned: moments (as function of threshold), matrix given with elements’ index, etc.

1D, 2D, binned, unbinned

15

ALL filled & provided as flat tables
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ALL filled & provided as flat tables X axis Y axis (if 2D) Value

1. Define table title, location, etc.

3. Fill values 
(dependent variable)

2. Define axis 
(independent variable)

HepData tutorial: https://github.com/HEPData/hepdata_lib/tree/master/examples

https://github.com/HEPData/hepdata_lib/tree/master/examples


Hands-on Example
1D binned: dB/dq2

17



Hands-on Example
2D unbinned: full experimental correlations of differential spectra
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• Giant correlations among all kin. variables

• In this case, matrix element is given with bin index instead of 

bin range (due to numerical overlap for various variables)



Hands-on Example
2D binned: migration matrix
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Tutorial notebook: https://stash.desy.de/users/lcaocn/repos/hepdata_example/browse

https://stash.desy.de/users/lcaocn/repos/hepdata_example/browse

