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Belle II detector
● SuperKEKB

○ Asymmetric-energy e+e- → Y(4S) → BB̅ collider
○ Centre-of-mass energy = 10.58 GeV
○ World record instantaneous luminosity
○ 5.3 ✕ 1034 cm-2 s-1 (30/05/2026)
○ Accumulation of the world's largest Υ(4S) 

dataset (05/06/2026) → ~800/fb
● Belle II

○ ~4π spatial coverage
○ Well known initial state
○ ⇒ Measurements with missing energy
○ Possibility to reconstruct neutral and soft 

particles
○ ⇒ Perfect environment to study semileptonic B 

meson decays
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Event simulation

● All semileptonic decays are simulated 
with EvtGen

● Belle II has developed custom EvtGen 
models to include popular form factor 
models
○ BGL for B → D/D* l v decays
○ LLSW (BLR) for B → D** l v decays

● For each decay, values of form factor 
parameters are fixed in the simulation

● → requires reweighting to update model 
and/or parameter values
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From T. Martinov’s PhD thesis

https://gitlab.cern.ch/evtgen/evtgen/-/blob/master/src/EvtGenModels/EvtBGLFF.cpp?ref_type=heads
https://gitlab.cern.ch/evtgen/evtgen/-/blob/master/src/EvtGenModels/EvtLLSWFF.cpp?ref_type=heads
https://inspirehep.net/files/6152a1a0b615c5fff529f300d5e1a5a1


Gap modes

● 3 main types of B → Xc l v
○ B → D l v ~ 21% of B → Xc l v decays
○ B → D* l v ~ 48%
○ B → D** l v ~ 12%

● In addition, several multi-hadron channels have also been studied
○ B+ → Ds

(*) K l v ~ 0.5%
○ B → D(*) π l v → saturated by decays via D** resonances
○ B → D(*) π π l v ~ 2.5%

● Fill the gap with B → D(*) η l v ~ 16%
○ Simulated via intermediate D0

*  and D1’ resonances
○ → Treated the same way as all B → D** l v decays
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Reweighting

● Calculate differential decay rate using the form factor model used for simulation and the 
new model 

● → Event weight is the ratio of new decay rate value over old decay rate value
● Tools used to perform the reweighting

○ Hammer
■ Most analyses are now switching to Hammer for decays/models which are included

○ eFFORT / eFFORT2
■ Developed by Markus Prim for more recent Belle measurements
■ Used in some Belle II analyses

● B → D l v modelling with BCL
● Charmless decays such as B → π l v

■ Similar idea to Hammer: compute decay rates as a function of q2/w
■ eFFORT2 includes 4D differential decay rates for decays to vector mesons (B → ρ l v…)
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https://hammer.physics.lbl.gov/
https://github.com/b2-hive/eFFORT
https://github.com/MarkusPrim/eFFORT2


Form factor parameter uncertainties

● Uncertainties on form factor parameter uncertainties are also derived with 
reweighting

● Strategy
○ Diagonalise covariance matrix of a set of N form factor parameters to extract 

eigenvalues λi and eigenvectors ei
○ → obtain set of 2N ±√λi ei variations
○ For each variation, the form factor decay rate is recomputed to obtain a weight
○ → use resulting variations to derive uncertainties in fits
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General example: inclusive B → Xu l v decays

● Inclusive B → Xu l v decays are studied to 
measure |Vub|
○ Latest Belle II measurement: PRD 113, 032004

● Such measurements require the combination 
of a non-resonant component described by 
specific models and resonant B-to-charmless 
decays
○ B → π/ρ/⍵/η/η’ l v

● Largest source of background: B → Xc l v 
decays modelled as sum of resonant modes
○ B → D/D*/D**/Dgap l v
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https://journals.aps.org/prd/abstract/10.1103/59ws-zxbt


Example: B → D* l v
● B → D* l v decays represent the largest source of background in inclusive 

measurements of |Vub|
● Simulated in EvtGen using BGL(1, 1, 2) model with values taken from 

arXiv:2008.09341
● Reweight to BLPRXP with values taken from PRD 106, 096015, nominal 

scenario Table VII
○ Other parameter values fixed to 0 and mc = 1.3 GeV
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https://gitlab.cern.ch/evtgen/evtgen/-/blob/master/src/EvtGenModels/EvtBGLFF.cpp?ref_type=heads
https://arxiv.org/pdf/2008.09341
https://doi.org/10.1103/PhysRevD.106.096015


Example: B → D* l v

● Use correlation matrix to derive 9 
up/down variations which can be 
included as nuisance parameters in 
the binned template fit

● Precision of B → D* l v form factors is 
good and therefore the impact on |Vub| 
is relatively low → O(0.1%) for a total 
uncertainty of ~5%
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● Belle II implementation based on description made in Belle |Vcb| 
measurement: arXiv:1510.03657

● According to Bigi, Gambino [arXiv:1606.08030] (and private discussion with 
Dean Robinson)

● Unusual definition of Blaschke factors and outer functions for BGL expansion
● → difference between BGL model defined in Belle II and Hammer

B → D l v BGL model
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https://gitlab.cern.ch/evtgen/evtgen/-/blob/master/src/EvtGenModels/EvtBGLFF.cpp?ref_type=heads
https://arxiv.org/abs/1510.03657
https://arxiv.org/abs/1606.08030


B → D l v BGL model
Belle II version of BGL

Blaschke factors Outer functions
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● Hard: rewrite Blaschke/outer functions
● Easier: set Bc resonance lists to be empty and set values of XT = 0.037 GeV-2 

and XL = 1.339 GeV-2

○ Technicality: Hammer v1.4 didn’t allow empty lists as external inputs so I had to 
pass a single subthreshold resonance, with mass MB + MD

Hammer BGLB2

Unitarity bounds on 
coefficients are not valid



B → D l v BGL model

● Non-negligible difference when using the 
same parameter values

● → Need to be careful with form factor 
parameter values used in reweighting

● → Should the EvtGen model be 
updated?
○ A fixed version is implemented in the 

Belle II software
○ → use BGL Hammer class with most 

up-to-date BGL parameter values safely

12

Form factor parameters taken from Belle 
B → D l v measurement 

[arXiv:1510.03657]

https://arxiv.org/abs/1510.03657


Conclusions
● Hammer has become a fundamental tool for semileptonic B measurements in Belle II
● Impact of form factor remains subleading in most measurements

○ Inclusive |Vub|: ~0.3% for a total uncertainty of about 5%
○ Cancellation of form factor systematics in ratio measurements such as R(D(*))

● Reweighting is important for consistency between measurements
○ → Belle II and LHCb are currently in contact to align the modelling of semileptonic decays
○ → Crucial to mitigate potential discrepancies between measurements and facilitate 

averages of measured quantities
● Useful decays/models not implemented in Hammer

○ B → η/η’ l v
■ Simple parametrisation with inputs obtained from light-cone sum rules: 

JHEP11(2015)138
○ BCL for B → D l v
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https://link.springer.com/article/10.1007/JHEP11(2015)138

