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Why semileptonic b→cℓν decays ?

|Vxb| provide crucial 
inputs for indirect search 

of New Physics

|Vub| and |Vcb|
discrepancies 

between different 
determinations:

2-3σ effect

The b → c form factors are crucial 
to SM predictions of R and other 

observables

FCNC

qk qm
W ~ |Vkm|

22
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Semileptonic b→cℓν decays 
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● Inclusive decays B→Xcℓν:

● QCD corrections to parton level decay rate
● Operator Production Expansion in αs and Λ/mb 
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Understand 
The QCD

Vcb Vcb

● Exclusive decays B→D/D*ℓν :

● QCD correction parameterized in the Form Factors
● Lattice-QCD, LCSR
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B→D*ℓν decays 
Belle 23: 
Hadronic tag 
only projections to differential distribution
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B→D*ℓν decays 

Belle II 23: 
Untagged  differential 
Branching fraction and projections to 
differential distributions
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B→D*ℓν decays: HFLAV 2023 
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Branching Fractions for B→D*ℓν decays 

ArXiv:
2301.04716
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Data-LQCD and angular observables
Simula, Martinelli, Vittorio, 2409.10492
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LHCb: neutrino reconstruction

B. Mitreska
Bad Honnef
April 2026
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LHCb angular analysis 
● Based on Run1 (2011-2013), 3/fb

● Full 4-D distributions + Mcorr

● 5 x 5 x 5 x 4 x 3 = 1500 bins

● Determination of FFs shapes with different 
parameterizations
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Angular observables, indirect determination

B. Mitreska
Bad Honnef
April 2026

Form factors determined with 
different parameterizations:

- CLN
- BGL (truncation based on BIC)
- BLPR
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B → Dℓν decays: HFLAV2023 

Belle 2016 PRD93 (2016) 032006

LQCD at non-zero recoil
FNAL/MILC PRD 92 (2015) 034506
HPQCD PRD 92 (2015) 054510

HFLAV23 updated result
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B → Dℓν decays: Branching Fractions
Belle 2016 PRD93 (2016) 032006

D’Agostini bias at work? 
Jung, Schacht arXiv:2604.08391 

ArXiv:
2210.13143
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New Belle II B → Dℓν decays 
Belle PRD 93 (2016) 032006
Hadronic tagged 

Belle PRD 112, 112009 (2025) Untagged
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Belle II B→Dℓν decays 



16M.Rotondo MITP

LHCb Measurement of |Vcb| with Bs decays
● Extract |Vcb| from Bs decays Bs→Dsμν and Bs→Ds*μν

● Normalized to B0 → D-μν and B0 → D*-μν

ArXiv:2001.03225
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Bs semileptonic decays
● Complementary measurements to those from B0 and B+

● Advantages:
● Lattice calculations easier due to heavier spectator quark, so predictions are more precise

● For the Bs → Ds*: the zero-width approximation of the Ds* is more valid than the B case (no Dπ pollution)

● Experimental point: different background composition from excited Ds states than in the B→D* case

Golden modes
for Lattice-QCD
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Analyse B → Dℓν and B→D*ℓν together
M.Mantovano
@Bad Honnef
April 2026
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|V cb| inclusive 
● HQE is the successful tool to include 

perturbative and non-perturbative QCD 
corrections that allow to connect 
measurements of semileptonic B-meson 
decays to |Vcb|2 

No new experimental results on hadroni and lepton moments from 2010

Moments in q2 from Belle (2021) and Belle 2 (2022)
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|V cb| inclusive: global fits to moments
Gambino, Finauri 23

Inclusive BF
need to be updated
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B → D**ℓν  
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B → D**ℓν  

D0*(2300)
Modeled with BW

Belle 2022
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What is the D0* ?
Nada Gharbi
Bad Honnef 2026

Reanalyzing Belle 2022
Semileptonic analysis
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The ‘gap’
F.Herren,
R. van Tonder 
ArXiv:2605.03021

B → Λ� cpℓν �

B → �D1( → �Dγ)ℓν �

B → �D(*) K+K−ℓν 
�

B → �D(*) s K*ℓν �

B → �D**sKℓν �

…And many more modes! � � � � � � � � � � � � � � � � � � � � �There is 
no singular Gap Mode that will close 
the SL gap. 

. . .
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LHCb: unique capability with baryon decays
Baryons Qqq’

Λb(bud)● Λb is the Lightest b-baryon
● Λb spin ~ spin of the b-quark
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Baryon production 

PRD 100 (2019) 031102

Λb fraction is not universal
- depends strongly on transverse 
momentum
- particle multiplicity of the collision

Crucial for a correct normalization of 
b-hadron branching fraction 
measurements

Production fraction averaged in:
- pT in (4, 25) GeV : η in (2, 5)

Λb : 0.259 ± 0.018
Bs : 0.122 ± 0.006
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LHCb: unique capability with baryon decays

PDG 2025

What we know about b → c ℓν 

Inputs from DELPHI and CDF

Ground state Λc ~ 60% total SL rate

Large uncertainties in the BF
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Λ b → Λ c studies
● Determine the dΓ/dw2 differential shape 

unfolded

PRD 96, 112005 (2017)
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Λ b → Λ c studies: 2-D differential rate and Vcb

● Cannot use exclusive B SL decays for normalization, as is done  for Bs

● Equality of total semileptonic decay width Bigi et al. JHQP09(2011) 012 

– Γ(Λ b) ~ Γ(Bs) ~ Γ(Bd) 
● Measure the ratio N(Λb → Λc μν)/N(Λb → Xc μν)

Plans
● Determine double differential distributions q2-cos(thetaL)
● Extract form factor and Wilson Coefficients 
● Future: study additinal angular observables from 2-body Λ c decays

Bordone, Gambino
ArXiv 2203.13107

|Vcb|
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Bc

● Meson with 2-heavy quarks with open flavor (bc)
● Non-relativistic Qq system: mass spectrum similar 

to quarkonium

● Decays only via the weak interaction; absolute 
branching fractions are not known

● Not accessible at B-Factories
● Production rate f(Bc)/f(B+) ~  1%
● Lifetime 1/3 of other light b-mesons
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Bc → J/ψ μ ν

● Golden channel at LHC: 3 muons in the final state

● Used for many analysis: lifetime, production fraction, R(J/Ψ), most of the 
known decay channels are normalized to Bc → J/Ψ μ ν

PRD 100, 112006 CERN seminar May 2026
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Bc → J/ψ μ ν on L_QCD
Predicted BF: 

15.3 ±  0.4 LQCD ± 0.6 Vcb ± 0.3 τ  
HPQCD  PRD  112 (2025) 3, 034503

High precision on many 
observables of interest!

+
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But… 

B → D* l nu Mandatory to study the differential rate 
for Bc → J/Ψ τ ν

Extend study of differential q2 spectrum and 
ratio of BFs, to other final states:

- Ψ(2S): background in various analysis

- ηc (ΦΦ, pp,… ): fundamental state, 
but the cleanest ηc decay modes, BF~10-3

- χc1 ?
- χc1 ↔ X(3872) ? 
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end
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Bs semileptonic decays
● Complementary measurements to those from B0 and B+

● Advantages:
● Lattice calculations easier due to heavier spectator quark, so predictions are more precise

● For the Bs → Ds*: the zero-width approximation of the Ds* is more valid than the B case (no Dπ pollution)

● Experimental point: different background composition from excited Ds states than in the B→D* case

Golden modes
for Lattice-QCD
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