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Prologue

▪ Exclusive 𝐵 → 𝜋, 𝜌 𝑙𝜈 decays: |Vub| extraction. 𝑙 = 𝑒, 𝜇. Insensititive to NP. l = 𝜏 sensitive to NP.

▪ Inclusive measurement: Considerable background from 𝑏 → 𝑐𝑙𝜈 decays. Experimental cuts 
required to separate 𝑏 → 𝑢 from 𝑏 → 𝑐 decays. Restricts phase space. OPE breaks down and 
sensitivity to non-perturbative aspects increases. 

▪ Exclusive measurement: 𝐵 → 𝜋𝑙𝜈 decays. HFLAV methodology. Babar(2011) (Phys. Rev. D 
83(2011) 032007), Belle(2011) (Phys. Rev. D 83 (2011) 071101), Babar (2012) (Phys. Rev. D 86 
(2012) 092004), Belle(2013) (Phys. Rev. D 88 (2013) 032005). Averaging (p-value∼ 6%) followed 
by fitting |Vub|to averaged dataset. Significance less. Biased result.

▪ Disagreement of ≥ 2.2 𝜎. Vub
incl:(3.70 ± 0.16) × 10−3 Vub

excl:( 4.25 ± 0.12−0.14
+0.15) × 10−3.

▪ Remember R(D⁽*⁾) from 𝑏 → 𝑐l𝜈 decays. Define NP observables which are ratios of 𝜏: 𝑒, 𝜇. Cancel 
|Vub| which is the dominant source of uncertainty. Errors: Form factors.



The Theory



Inputs

▪ 𝑩 → 𝝅, 𝝆 𝒍𝝂 : Babar(2011) (Phys. Rev. D 83(2011) 032007), Belle(2011) (Phys. Rev. D 83 (2011) 
071101), Babar (2012) (Phys. Rev. D 86 (2012) 092004), Belle(2013) (Phys. Rev. D 88 (2013) 
032005).

▪ 𝑩 → 𝝅 Form Factors:  Lattice (high q2): MILC(Phys. Rev. D 92 (2015) 014024, PoS LATTICE 2019 
(2019) 236), UKQCD(Phys. Rev. D 91 (2015) 074510). Tensor: NP analysis. , Lattice: MILC (Phys. 
Rev. Lett. 115 (2015) 152002). LCSR(low q2): GKD (JHEP 01 (2019) 150) , LMD (JHEP 07 (2021) 
036). LMD use two-particle twist-two pion LCDA. More precise than GKD which is an LO 
calculation with the ill-known B-meson LCDA. 

▪ 𝑩 → 𝝆 Form Factors: No Lattice Data. LCSR(low q2): GKD (JHEP 01 (2019) 150). BSZ (JHEP 08 
(2016) 098). BSZ:twist-3 𝑂(𝛼𝑠) using the 𝜌 meson LCDA. More precise than GKD, who use 
narrow width approximation.

▪ Form Factors Parametrizations: BSZ(JHEP 08 (2016) 098); BCL(Phys. Rev. D 79 (2009) 013008).



|Vub| Extraction: Our Strategy

▪ DO NOT AVERAGE!. Look for outliers using both inclusive and exclusive |Vub|. Common outliers are 
problematic.

▪ Plots using |Vub| inclusive (4.10 ± 0.22 ± 0.22 ± 0.22) × 10−3 (Belle).



|Vub| Extraction: Analysis



|Vub| Extraction: Results

Deviation < 1𝝈

Update: Including LMD, value : 
𝑽𝒖𝒃 = 𝟑. 𝟗𝟏 ± 𝟎. 𝟏𝟑 × 𝟏𝟎−𝟑



NP: Analysis

▪ 𝑩 → 𝝅: Fit 1: LCSR+Lattice only. Result not affected 
by experimental data. Fit 2: Add Babar (2012) and 
Belle datasets. Babar (2011) excluded since 
correlations not provided. Including them worsens the 
fit. Fit 3: Synthetic data by normalizing 𝐵𝑅(
)

𝐵 →
𝜏𝜈 with charged exp data + Fit 1. Two cases: (i) 
Excluding NP in 𝐵𝑅 𝐵 → 𝜏𝜈 ; (ii) Including NP in 
𝐵𝑅 𝐵 → 𝜏𝜈 .

▪ 𝑩 → 𝝆: Normalize binned 𝐵 → 𝜌𝑙𝜈 by integrated 
𝐵 → 𝜋𝑙𝜈 corresponding to same experiment and 
charge. Use Fit-1 results as nuisance for the 
normalizing integrated 𝐵 → 𝜋𝑙𝜈 modes.



NP: Analysis (Tables)



NP: Analysis (Figures)



Observable predictions




