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Charged current decays:
–

–

–

–

Neutral current (rare) decays:
–

–

–

Simplest semileptonic decays: JP=1/2+ ground states



Next simplest decays?



Experimental Situation
● LHCb has large                                    # of samples and can measure         ratios
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arXiv:2005.09602/EPJP 2021]

● BESlll has measured the inclusive semileptonic branching fraction [arXiv:1805.09060/PRL 2018]
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P. Böer et al., arXiv:1801.08367/JHEP 2018
J. Nieves, R. Pavao, S. Sakai, arXiv:1903.11911/EPJC 2019
M. Papucci, D. Robinson, arXiv:2105.09330

https://arxiv.org/abs/nucl-th/0503030
https://arxiv.org/abs/1108.6129
https://arxiv.org/abs/1701.03876
https://arxiv.org/abs/1807.11300
https://arxiv.org/abs/2006.07130
https://arxiv.org/abs/2104.04962
https://doi.org/10.1016/0550-3213(93)90331-I
https://arxiv.org/abs/hep-ph/9711257
https://arxiv.org/abs/1801.08367
https://arxiv.org/abs/1903.11911
https://arxiv.org/abs/2105.09330


Related theoretical work
●                             in chiral unitary approach

N. Ikeno, E. Oset, arXiv:1510.02406/PRD 2016

● Angular distribution of  
S. Descotes-Genon, M. Novoa-Brunet, arXiv:1903.00448/JHEP 2019

●                             in HQET up to          or
W. Roberts, NPB 389, 549 (1993)
D. Das, J. Das, arXiv:2003.08366/JHEP 2020
M. Bordone, arXiv:2101.12028/Symmetry 2021

● LHCb sensitivity study of
Y. Amhis et al., arXiv:2005.09602/EPJP 2021

●  Endpoint symmetries of baryon helicity amplitudes at 
G. Hiller and R. Zwicky, arXiv:2107.12993
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Our lattice calculations
●

S. Meinel and G. Rendon, arXiv:2009.09313/PRD 2021
●                                and

S. Meinel and G. Rendon, arXiv:2103.08775/PRD 2021
●

S. Meinel and G. Rendon, arXiv:2107.13140 and arXiv:2107.13084

Also, in arXiv:2107.13140 we also improve the analysis on                           and
                                 form factors enforcing exactly endpoint relations during the fits. Any 
results shown for these two processes are using this improved analysis.

https://arxiv.org/abs/2009.09313
https://arxiv.org/abs/2103.08775
https://arxiv.org/abs/2107.13140
https://arxiv.org/abs/2107.13084
https://arxiv.org/abs/2107.13140


● We work on the baryon rest frame to allow the exact projection to                                         
(G1u or Hu irreps).

● We use an interpolating field with derivatives to obtain an L=1 quantum number, that is,

Our lattice calculations
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Our lattice calculations
● We use helicity-based definitions of the form factors



Our lattice calculations
● We use RBC/UKQCD ensembles with 2+1 flavors of domain-wall fermions

● The charm and bottom quarks where simulated using “RHQ” (anisotropic clover) action



Extracting the form factors from ratios of 3pt and 2pt 
functions

In simple terms:
– Project to desired parity and spin at 

source and sink
– Project to desired FF at the current

Advantages:
– Overlap factors cancel out
– Time dependence cancels out at infinite 

time



Extracting the form factors from ratios of 3pt and 2pt 
functions
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Extracting form factors from ratios of 3pt functions

Schematically:
– Determine FF’s using 3pt/2pt ratios
– Choose reference FF
– Determine all other FF’s relative 

magnitudes and signs using 3pt/3pt
Advantages:
– Same source and sink, so reduced noise
– Don’t have to determine FF’s phase 

separately



Extracting form factors from ratios of 3pt functions
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Extracting form factors from ratios of 3pt functions

4 6 8 10 12 14

−0.010

−0.005

0.000

0.005

0.010

0.015
X2
g⊥′

3pt/2pt ratio
3pt/3pt ratio



Sample form-factor results: 
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Sample form-factor results: 
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Sample form-factor results: 
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QM = using form factors from [L. Mott, W. Roberts, arXiv:1108.6129/IJMPA 2012]
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See [S. Descotes-Genon, M. Novoa-Brunet, arXiv:1903.00448/JHEP 2019] for definitions. The lepton mass is neglected here.

https://arxiv.org/abs/1903.00448


See [S. Descotes-Genon, M. Novoa-Brunet, arXiv:1903.00448/JHEP 2019] for definitions. The lepton mass is neglected here.
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In gray are lattice results and in red are HQET

The fit to the V & A form factors has good quality [M. Bordone, arXiv:2101.12028/Symmetry 2021]

https://arxiv.org/abs/2101.12028


However, tensor form factors (not included in fit) show deviations
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●

[M. Papucci, D. Robinson, arXiv:2105.09330]

●

[J. Nieves, R. Pavao, S. Sakai, arXiv:1903.11911/EPJC 2019]

https://arxiv.org/abs/2105.09330
https://arxiv.org/pdf/1903.11911.pdf
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QM = using form factors from M. Hussain, W. Roberts, arXiv:1701.03876/PRD 2017
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BESIII has measured the inclusive branching fraction [arXiv:1805.09060/PRL 2018]

Using lattice QCD we predict

Subtracting this to the BESIII result, we obtain an upper bound on the branching 
fraction to all other hadrons:



Summary
●

●

●

●
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