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B-Factories

2
M. T. Hedges LHCb Workshop on semileptonic b→c decays April 13 2023



e- e+

𝜸
𝚼(4S)

B

B
𝚼(4S) Lumi (fb-1) Operation

BaBar 432 1999 – 2008
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Belle II 362 2018 – present NB All experiments have additional data 
taken at other energies (not covered here)
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LU in B→D(*)l𝛎   
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No news from B-factories today!

Original discrepancy reported by 
BaBar: ongoing 4D analysis of 
|Vcb|, possible future update …? 

Several independent Belle II 
analyses ongoing, updates soon 
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Belle untagged |Vcb| and LU test
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Belle 2018: First fully e/𝛍 separated |Vcb| measurement 
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B0→D*-e𝛎 B0→ D*-𝝁𝛎

Most stringent test of LU in 
light-leptons at the time

Phys. Rev. D 100, 
052007 (2019)

Leading uncertainty 
comes from lepton ID

∫ℒdt = 711 fb-1 ∫ℒdt = 711 fb-1
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https://doi.org/10.1103/PhysRevD.100.052007
https://doi.org/10.1103/PhysRevD.100.052007


LU in Angular Observables
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A new anomaly…? (Eur. Phys. J. C 81, 984 (2021))

Theorists report that Belle 2018 |Vcb| shows strong tension in 
differences of AFB between electrons and muons: 

SM

Belle

/2

~4σ (!)

NP scenarios here cannot also explain R(D(*))
“There will therefore be far-reaching consequences for the field 
of particle physics, should this discrepancy be confirmed.” 9
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https://doi.org/10.1140/epjc/s10052-021-09724-2


(𝚫)AFB in Belle and Belle II
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Tagged Belle and untagged Belle II (PRELIMINARY) 

Untagged B0 → D*l𝛎
(C. Lyu, ALPS 23)

M. Prim et. al (arxiv:2301.07529)
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https://arxiv.org/abs/2301.07529


Even more asymmetries (Phys. Rev. D 107, 015011)

Several more angular asymmetries were proposed to further investigate this tension

The main focus is on scenarios that do not change the q2 spectrum of the decay 
(as there is no tension between electrons and muons there), but would alter angular distributions:

Key: measure these as a function of
q2 = (pB - pD*)

2 or w

See talk by L. 
Mukherjee!
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https://doi.org/10.1103/PhysRevD.107.015011


Projected Belle II Sensitivity
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(Phys. Rev. D 107, 015011)

See talk by L. 
Mukherjee! 

M. T. Hedges LHCb Workshop on semileptonic b→c decays April 13 2023

https://doi.org/10.1103/PhysRevD.107.015011


Belle II: Dedicated Experimental Measurement
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● All angular asymmetry variables are +/- asymmetries:

● Sensitive to LUV in the delta variables 

● Note: strong cancellation of systematics already in 𝒜

● AFB analysis can be adapted as-is to Si just by swapping variables:
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S variables: from 2D to 1D
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Angular asymmetry variables at generator MC (EvtGen)
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Analysis
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PreliminaryWorld’s first experimental measurement of complete 
set of angular asymmetries

Hadronically tagged B0-> D*l𝛎 (single 𝛎 in event)
→high purity, kinematically constrained sample

Signal extraction in 𝛎 invariant mass-squared (M2
miss)

in two w-bins plus w-inclusive range
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(𝚫)AFB++
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Bobeth, et al (excludes tiny range of w, O(10-3) effect)

Belle tagged |Vcb|

SM uncertainties (very small)

Overall agreement  Chi2/ndf (p-val): (stat unc dominates)

Belle II untagged |Vcb|

w_inc w_lo & w_hi

𝒜 15.0 / 10 (p = 0.13) 27.7 / 20 (p = 0.12)

{ΔAFB ΔS3 ΔS5} 2.1 / 3 (p = 0.56) 10.2 / 6 (p = 0.12)

(Preliminary)

LUV-sensitive
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Bonus: LU in inclusive decays
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Inclusive LU test

20

No published results from B-factories

~ ⅔ overlap with D and D*
~ ⅓ contribution from D** and nonresonant Xc

R(X) is critical cross-check of R(D(*)) and complimentary test of LU 
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Inclusive LU measurement (from Moriond 23)
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arXiv:2301.08266

JHEP 11, 007 2022
M. T. Hedges LHCb Workshop on semileptonic b→c decays April 13 2023

https://arxiv.org/abs/2301.08266
https://link.springer.com/article/10.1007/JHEP11(2022)007


Summary

Lepton Universality tests in B→D(*)l𝛎 continue to be of critical importance

From first hints to new tests, B-factories continue to leverage unique kinematic control to 
provide stringent measurements

R(D(*)) updates coming soon

New LU tests in 𝚫-asymmetries and R(X) have only just started: more work ongoing now!
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Backup
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Uncertainty on ΔAFB in Bobeth et. al  
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Systematic uncertainties on ΔAFB 
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Statistical uncertainty dominates: 
strong cancellation of remaining 
systematics
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