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semileptonic B decays'
Marcello Rotondo

INFN - Laboratori Nazionali di Frascati

Implications of LHCb measurement  
23-25 October 2024, CERN
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Challenges in Semileptonic B decays
● Mainz 20-24 Apr 2015

● P. Gambino, A. Kronfeld, M. Rotondo, C. Schwanda, S. Turczyk
● 33 Participants

● Mainz 9-13 Apr 2018
● P. Gambino, A. Kronfeld, M. Rotondo, C. Schwanda
● 35 Participants

● Challenges in Semileptonic B Decays arXiv:2006.07297

● Vienna 23-27 Sept 2024
● F.Bernlochner, A.Kronfeld, M.Rotondo, C.Schwanda, M.Jung, T.Mannel

● 48 Participants

● Barolo 19-23 Apr 2022
● P. Gambino, A. Kronfeld, M. Rotondo, C. Schwanda, M.Jung, T. Mannel
● 39 Participants

https://indico.mitp.uni-mainz.de/event/30/
https://indico.mitp.uni-mainz.de/event/129/
https://arxiv.org/abs/2006.07287
https://indico.cern.ch/event/1345421/
https://indico.cern.ch/event/851900/
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Challenges in Semileptonic B decays
● Mainz 20-24 Apr 2015

● P. Gambino, A. Kronfeld, M. Rotondo, C. Schwanda, S. Turczyk
● 33 Participants

● Mainz 9-13 Apr 2018
● P. Gambino, A. Kronfeld, M. Rotondo, C. Schwanda
● 35 Participants

● Challenges in Semileptonic B Decays arXiv:2006.07297

● Vienna 23-27 Sept 2024
● F.Bernlochner, A.Kronfeld, M.Rotondo, C.Schwanda,M.Jung,T.Mannel

● 48 Participants

● Barolo 19-23 Apr 2022
● P. Gambino, A. Kronfeld, M. Rotondo, C. Schwanda, M.Jung, T. Mannel
● 39 Participants

Gather together experimentalists, 
lattice and continuum theorists: develop 
a medium-term strategy of analyses 
and calculations aimed at solving the 
puzzling discrepancies between 
inclusive and exclusive determinations, 
for both |Vub| and |Vcb| 

Understand the discrepancy between 
SM prediction and measurements of 
“semitauonic” decays

prospects of semileptonic decays at 
LHCb, on the implications of the first 
Belle-II data 

https://indico.mitp.uni-mainz.de/event/30/
https://indico.mitp.uni-mainz.de/event/129/
https://arxiv.org/abs/2006.07287
https://indico.cern.ch/event/1345421/
https://indico.cern.ch/event/851900/
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Vxb
S. Schacht
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Exclusive b → c
A. Vaquero

Dominated by
B → D*
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Exclusive b → c: B → D*lν 

BGL parameterization

CLN used only 
for cross checks
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Exclusive b → c: LQCD B → D*lν

● first time that lattice data 
covers kinematical range

● three different and 
independent collaborations

JLQCD 23 PRD 109 (2024)

HPQCD 23 PRD 109 (2024)

FNAL/MILC EPJC 82 (2022)

Lattice Data

https://arxiv.org/abs/2306.05657
https://arxiv.org/abs/2304.03137
https://arxiv.org/abs/2105.14019
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Exclusive b → c: experimental data B → D*lν
M. PrimmTagged analyses, 1-D projections

B Tagged analysis: 
Belle Phys.Rev.D 108 (2023) 1, 012002
Belle II Phys.Rev.D 108 (2023) 9, 9

B untagged analyses: 
Belle Phys. Rev. D 100 (2019) 052007 
Belle II Phys.Rev.D 108 (2023) 092013

 

Informations available in HepData
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Exclusive b → c: B → D(*)lν 

● Where should we truncate the series?

● How shall we include the unitarity constraints?

● Which statistical method is “best” to fit data?

Truncation order dilemma: 
The choice of where to truncate the BGL expansion can impact
the extracted value:
• Truncate too soon: Model dependence in extracted result for |Vcb|?
• Truncate too late: Unnecessarily increase variance on |Vcb|?
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Exclusive b → c: B → D(*)lν
S. Schacht

Next slide
F. Bernlochner

Next next slide
A. Juttner
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Exclusive b → c: B → D(*)lν
F. Bernlochner

Akaike Information Criterion
AIC = 2*k – 2 log(L)

Toys studies to show 
effectiveness of AIC in choosing 
BGL order: unbiased |Vcb| with 
correct coverage properties

Beyond single
Model selection
Global AIC
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Exclusive b → c: B → D(*)lν
A. Juttner

Bordone, Juttner, 
2406.10074



M.Rotondo CERN 13

Exclusive b → c: B → D(*)lν A. Juttner
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Exclusive b → c: combined fit Data + LQCD A. Vaquero

Combined fit of only Lattice results
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Exclusive b → c: combined fit Data + LQCD A. Vaquero

Combined fit of only Lattice results
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Exclusive b → c: B → Dlν, B → D*lν 

B0 → D-(Kππ) l+ ν and B+ → D0(Kπ) l+ ν : untagged 

M. Mantovano

Exploit isospin 
symmetry: reduced 
systematics 
Extract signal yields 
from fit to cosθBY (10 
bins in w)

arXiv: 2210.13143

Update to 362/fb ongoing

Ongoing analysis: no soft pion and independent from f00 

B. DeyDifferent approach:
unbinned analyses



M.Rotondo CERN 17

Exclusive b → c: B → D*lν @ LHCb  
L. Grillo

Pseudo-experiments

Different advantages and 
challenges wrt 
measurements performed at 
the b-factories

Enough statistics 
for a 5D fit !
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Exclusive b → c: B → D**

Broad resonances

R. von Tonder

arXiv:2311.00864
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Exclusive b → c: discussion points
● Are there alternative approaches to HPQCD to cover 

full w range?

● Not only LQCD, LCSR + HQE approaches (N. 
Gubernari) 

● Paramount to provide data in a form that can be 
reused: provide more informations? Final tuples, 
code…

● Re-measure BFs 
● How should experiments (and 

LQCD groups) deal with old 
measurements (predictions) ?

(2003)

(2008)

(2008)

● Crucial to study B → D**  
semileptonic decays

● New measurements 
required: BFs + q2 shapes

● Combine with analyses of fully 
hadronic b → c decays

B0 → D*+lν B+ → D*0lν
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Exclusive b → c: R(D+)-R(D*+)
G.Ciezarek
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Exclusive b → c: R(D+)-R(D*+)
● Background from b → c c  q decays (double-charm)

● Need additional measurements: absolute BF of specific modes (also inclusive BF)

– For the LHCb ongoing analysis in B2OC: please, extract also branching fractions!
● R(D)-R(D*) with LHCb hadronic tau: need external inputs: B → D*3pi 

Other observables
● Angular observables, tau 

polarization: try to go differential 
as much as possible

● Inclusive R(Xc)  

SysVar
A New Tool for 
Enhancing Consistency 
in the Treatment of 
Systematic Uncert.

● properly combine 
Belle II 
measurements

● Commons systematics

● B → D** / FF: different treatment between different meas./exp.

● Assumptions are implied on correlations in combining 
measurements

I. Tsakidis
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Exclusive b → c: SM predictions of R(D)

Impact of including B→ D*ℓν data from Belle 
PRD 100, 052007 (2019)

Most of the SM predictions use fit of theory inputs 
(mostly LQCD) and experimental data
of B→D/D* ℓ ν with light leptons

https://arxiv.org/abs/1809.03290
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Exclusive b → c: b-baryons

● Broad SL physics program at LHCb: 
measurement of CKM matrix elements, 
angular analysis, Wilson coefficients, LFU 
tests…

● Successful Run1 and Run2: 3+6 fb-1, still 
many analysis ongoing

A. Lupato

FLAG2021

b-baryons should be investigated more
● Additional LQCD would be 

desirable!
● But HQET is very predictive for Λb 

(ud pair in spin-0 configuration)
● Additional baryons?

➢ Ωb(bss) → Ωc(css) μ ν
➢ ...
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Inclusive b → c

G.Finauri

Experimental inputs from:
● Delphi, CDF, BaBar, Belle 

➢ Elep, Mx, ΔBF
● Belle, Belle II

➢ q2
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Inclusive b → c

G.Finauri σ = 1.1%

Systematic shift 
between Belle and 
Belle II data  2σ∼

Inclusion of NLO and 
NNLO terms have big 
impact on HQE 
parameters
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Inclusive on LQCD
R. Kellermann

Inclusive semileptonic decays from Lattice QCD

Lattice QCD might be able to provide input of non-perturbative parameters 

Future:
● Consider various observables: q2 moments, El,...? 
● Extend to Bs  → LHCb prospects
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Inclusive c → s/d
A. GilmanProspects for inclusive semileptonic charm decays

based on arXiv:2408.10063
Estimated sensitivity to HQE parameters
Based on fast simulation of currently available 
data

Strong prospects for competitive 
inclusive determinations of
|Vcs|, maybe also for |Vcd|
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Inclusive b → u

L.Cao

Unfolded/eff. corrected
1-d projections

Improvements on 
inclusive signal 
modeling are urgently 
needed!
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Inclusive b → u: theory developments

BLNP, Bosch2004 and Lange2005

GGOU, Gambino2007 B. Capdevila

B. O. Lange

Expected updates for BLNP and GGOU
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Exclusive b → u @Belle II F. Bernlochner
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Exclusive b → u @LHCb M. Calvi

High q2

Low q2
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Exclusive B → 2π l ν
R. von Tonder
(paper in preparation)

Discussed points:
● B → ρ, ω form factors: rely on 

LCSR, but computed for narrow 
states

● Start from general B→π+π- : require 
additional data: Belle II + LHCb?

● B+  → π+ π0 l ν? simpler than π+ π-  

(absence of f0 states)
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Exclusive b→u
A.Kronfeld
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Exclusive b→u
A.Kronfeld

Fermilab-MILC on 2+1+1-Flavor Ensembles: update ongoing



M.Rotondo CERN 35

Fruitful discussions in a nice venue

More than I summarized here!

(I apologize for not mentioning the many interesting 
contributions)

Thanks!
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BACKUP
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Status of R(D*) predictions

R(D*)=0.275(8)
Reanalysis of 
FNAL/MILC data

Impact of including B→ D*ℓν data from Belle 
PRD 100, 052007 (2019)

Most of the SM predictions use fit of theory inputs 
(mostly LQCD) and experimental data
of B→D/D* ℓ ν with light leptons

https://arxiv.org/abs/1809.03290
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Exclusive b → c
S. Schacht
M. Primm
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Exclusive b → c: combined fit Data + LQCD A. Vaquero

Combined fit of only Lattice results
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Exclusive b → c: not only LQCD

N. Gubernari

HQE analyses are important for 
the interpretation of FFs 
calculations and measurements
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Exclusive b → c: BaBar 
B. Dey

Simultaneous fit between
B→D and B → D* ongoing

Release synthetic data

Novel approach:
unbinned analysis
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Exclusive b → c
● New Physics with b → c ?

● Global Wilson coefficient fit with LHCb and Belle II

B. Mitreska
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Exclusive b → c: R(D**) Guy Wormser

External input:
LHCb-PAPER-2024-001 

R(D1 + D2*) = 
0.13 0.03 0.01 0.02
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Inclusive b → c
K. Vos
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