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● Improving SM parametric inputs:
○ Exclusive Vcb and B -> D(*) form factors from LQCD 
○ Comparing B -> D with Bs -> Ds(*) form-factors
○ Improving kinematic parameterization with unitarity constraints
○ Vcb inclusive: Inclusive decays from the lattice

● Hadronic matrix elements for rare decays:
○ Charm loops: lattice vs dispersive bound vs hadronic models
○ QCD-unstable final states, e.g., B -> K*

● Inputs for NP calculations:
○ Improvements in inclusive calculations
○ Need f_T for B -> D, tensor FFs have been calculated for B -> D* 
○ New observables to reduce theoretical uncertainties

Points for discussion



Which CKM value to use?



B -> D*: Lattice vs. Exp. data

[ Plot by A. Vaquero ]



B -> D*: Lattice vs. Exp. data

[ Plots by A. Vaquero ]

● Belle-II data and more/improved lattice 
inputs will be fundamental to solve this 
discrepancy.

● HPQCD has also computed Bs->Ds*.



Bs -> Ds*

● Bs->Ds* easier on 
lattice than B->D*

● Should be similar 
to B->D* ; offers a 
sanity check

● Experimentally 
determined shape 
would be useful

[ FLAG 2024 ]

http://flag.itp.unibe.ch/2024/Media?action=AttachFile&do=get&target=FLAG_2024.pdf


[ (HPQCD) Harrison and Davies, 2304.03137 ]

Comparing B -> D* with Bs -> Ds*

https://arxiv.org/pdf/2304.03137


Improving kinematic parameterizations

● Dispersive matrix methods - from continuum results at large q2, provides shape for all q2 
without explicit parameterization or associated truncation error

● Improved parameterization - build unitarity constraints into z-parameterization

● Evaluate truncation error [ (RBC/UKQCD) Flynn et al. 2303.11280 ]
[ Danny’s talk ]

[ Martinelli et al. 2105.08674 , …  ]

https://arxiv.org/pdf/2303.11280
https://arxiv.org/abs/2105.08674


Lattice for inclusive decays: Tau

[ (ETMC) Evangelista et al. 2308.03125 ]

vs experiment

Im(                                       )

https://arxiv.org/pdf/2308.03125


Lattice for inclusive decays: Charm

[ (ETMC) De Santis et al. 2504.06064 ]

Ds -> X lv

https://arxiv.org/pdf/2504.06064


Lattice for inclusive decays: Bs

[ Barone et al. 2305.14092 ]

● Lattice inclusive calculations 
are making rapid progress, 
working toward the B

● Barone et al. calculated 
inclusive differential decay rate 
for Bs -> Xc l nu

● Important to understand 
systematic effects involved

[ Kellermann et al. 2504.03358 ]

https://arxiv.org/abs/2305.14092
https://arxiv.org/abs/2504.03358


Charm loops

[ Frezotti et al. 2508.03655 ]

● As with inclusive decays, 4 pt correlators give 
access to the relevant physics, ie. non-local 
form factors

● Free from assumptions about factorization

https://arxiv.org/pdf/2508.03655


[ Gubernari et al. 2206.03797 ]

Charm loops

● Instead of calculating directly, Gubernari et 
al. use dispersive bounds to constrain the 
contribution from non-local form factors

● Find local form factors responsible for 
majority of theory uncertainty

● Tension between SM and experiment 
remains

https://arxiv.org/abs/2206.03797


[ Carvunis et al. 2507.22123 ]New Physics in B -> Xc l nu

https://arxiv.org/pdf/2507.22123


Optimized observables

● Can we devise other observables less sensitive to hadronic uncertainties (while remaining 
sensitive to New Physics effects)?



● Opportunity for progress for parametric (Vcb) and form-factor uncertainties.

● Many exploratory directions on the lattice (e.g., B->K* form factors, inclusive 
decays, charm loops, ...).

● The public B -> Kvv likelihood is very useful for theory interpretations (both 
in the SM and beyond). Can this be extended to other channels (e.g., b->c 
tau nu modes)?

● Interplay between theory and experiment is fundamental to verify precision 
theory calculations.

● Anything else?

Final comments/questions


