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Lepton Flavor Universality  
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• Lepton Flavor Universality (LFU): W boson couples to 
leptons with equal strength (me < mμ < mτ)


• SM fields do mix:

• Quarks sector -> CKM matrix

• Neutrinos sector -> PMNS matrix


• Charged leptons -> 
the matrix diagonal-like?(neutrino mass)


• LFUV: diagonal terms not all equal 

-
χ∼

τ µ

iν
∼

jν
∼

γ

(b)

Br(τ → µγ ) = Ο(10−9 )

Lepton Flavor Violation (LFV): 
off diagonal term 

g-2, EDM: 

diagonal elements

LFUV: 

Relation among 
diagonal elements



LFU test with semileptonic B decays

<latexit sha1_base64="wDXY+ohT/gl6OAEevHgHchh+dro="></latexit>

R(D(⇤)) =
Br(B̄0 ! D(⇤)+⌧�⌫̄⌧ )

Br(B̄0 ! D(⇤)+`�⌫̄`)

• Ratios of b→qτν/qµν/qeν branch fractions cancel out the uncertainties on |Vcb|, 
most uncertainties of form factors and the experimental systematics 

• LFU is broken in Yukawa interaction

• Charged lepton mass changes kinematics and modifies form factors in the 

hadronization  

• Long-distance QED corrections depend on lepton velocity (τ vs. l (e, μ))  
• B→D(*)τν sensitive to New Physics (NP) because the massive  

3rd generation b quark and τ lepton are involved

• Sensitivities to high energy scale; ~10 TeV [Belle II phys. book] 3

https://arxiv.org/abs/1808.10567


LFU test with W/Z decays
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scholarpedia.org

EPJ C 84 993 (2024)

• Used existing tension from LEP in 𝑊 → 𝜏𝜈/𝑊 → (𝑒, 𝜇)𝜈)

• CMS and ATLAS can use 𝑡𝑡bar events

• LFU confirmed in Z/W decays with high precision, also for 𝑊 → 𝜏𝜈/𝑊 → (𝑒, 𝜇)𝜈)

http://www.scholarpedia.org/article/Lepton_flavour_universality
https://link.springer.com/article/10.1140/epjc/s10052-024-13070-4


LFU test in Ds decays
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BESIII              PRD108(2023)11200,  μν         (5.29±0.11±0.09) × 𝟏𝟎-𝟑

consistent with the SM prediction 9.75
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“B anomaly” in semileptonic B decays 2023
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PRD 110, 075005 (2024)

“B anomaly” validations

• Model independent sum rule, possible cross check

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.110.075005


New physics scenarios for the R(D(*)) anomaly
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In general, there are three typical candidate scenarios to 
explain the anomaly observed in R(D(*))  

• Heavy vector bosons

• Constrained from W’→τν and Z’→ττ search


• Charged Higgs 

• Constrained from Bc→τν and H±→τν ,still allowed

• Previously, it was rejected by Bc→τν measurement, 

however, recovered by recalculating the Bc lifetime.

PRD 105 095011(2022)


• Leptoquark

• gg→LQ LQ*, still broad parameter regions are 

allowed 

H-

W’

e

µ

τ?

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.095011


Tagging methods
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• Hadronic tag

- Fully reconstruct B→D(*)(/J/ψ/Λ)X 

- Tagging efficiency 0.2~0.4%

- less background

• The BB pairs are produced near threshold

• B tagging is necessary to measure B→X / D*τν, B→X / D*lν (ν≥2) simultaneously

• Semileptonic tag

- Reconstruct B→D(*)lν 
- Tagging efficiency ~1%

- More background

• Full Event Interpretation (FEI): trained 200 
Boost Decision Tree (BDT) to reconstruct ~100 
decay channels, ~10,000 B decay chains

•ε=0.30% for B± 

•ε=0.23% for B0
5.25 5.29

arXiv:2008.06096

https://arxiv.org/pdf/2008.06096.pdf


First R(D*) result from Belle II
Source Uncertainty

Statistical uncertainty +15.4%
-14.6%

EECL PDF shape +9.1%
-8.3%

MC statistics ±7.5%

B→D**lν modeling +4.8%
-3.5%

• Belle II first result for R(D*) @ 189 fb-1

• Hadronic tag with FEI

• Leptonic τ decays

• Consistent with 

 SM: 0.254 ± 0.005,

 HFLAV24: 0.287 ± 0.012


• SM vs. experimental average 
deviation: 3.2σ → 3.3σ

R(D*τ/l ) = 0.262 +0.041-0.039 (stat) +0.035-0.032 (syst)

PRD 110 072020 (2024)

M2miss

τ -

ντ 

B0

D1+

ντ

π0

D*+

l-
νl

10M2miss = (pbeam - pBtag - pD(*) - pl)2 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072020


R(D(*)+) w/ semileptonic tag
• Belle II data @ 365 fb-1

• Semileptonic tag: B→D(*)lν 
• 26 D decays


• Signal reconstruction: only B0, leptonic 
tau decays

• 13 D decays

• A BDT trained to separate events in 3 
classes

• Semitauonic signal events zτ

• Semileptonic normalization evnets zl

• Background zbkg


• Extract signal in a 2D binned template fit

• zτ  vs. zdif( zl - zbkg)
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B→D(*)τν B→D(*)lν

B→D**lν Background
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Results of Rτ/l(D(*)+) w/ semilep. tag
• Main systematics

• The finite size of the simulated samples

• The lepton ID efficiency and fake rate 

corrections  

D(*)τν 
D(*)lν 
D**lν 

Backgrounds Rτ/l(Xc)

R(D*) 
PRD 110 072020

World Avg.

• Belle II R(D(*)+) result with semilep. tag 

Rτ/l (D) = 0.418 ± 0.074 (stat) ± 0.051 (syst)


Rτ/l (D*) = 0.316 ± 0.034 (stat) ± 0.018 (syst)

PRD 112 032010 (2025)

https://arxiv.org/abs/2504.11220


Rτ/l (D(*)) with hadronic tag
• Belle II UPDATED result for R(D(*)) @ 365 fb-1

• Hadronic tag with FEI

• Leptonic τ decays

• B→D*+, D*0(π0), D*0(γ), D+,D0,τ/lν

13
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∫
-1 = 365 fbL dt

+D Data
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ν τD  → B
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 decayBhadronic 
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Results of Rτ/l(D(*)) w/ had. tag 
• Main systematics

• The finite size of the simulated samples

• Branch fraction of B→D(*)ηlν 

Rτ/l(Xc)

R(D*) 
PRD 110 072020

World Avg.

Semilep. tag.

• Belle II R(D(*)) result with had. tag 

Rτ/l (D) = 0.439 ± 0.055 (stat) ± 0.045 (syst)


Rτ/l (D*) = 0.242 ± 0.019 (stat) ± 0.016 (syst)

Preliminary

Source Uncertainty
R(D*) R(D)

Statistical uncertainty ±8.3% ±16.3%

Simulation sample size ±4.8% ±8.4%

B→D(*)ηlν branch fraction ±2.8% ±3.6%

B→D**lν branch fraction ±0.3% ±1.3%

… … …
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R(D)

BaBar, had. tag
 0.042± 0.058 ±0.440 

, had. tagaBelle
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 0.051± 0.074 ±0.418 

, had. tagaBelle II
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SM Average 
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CKM 2025

“B anomaly” in semileptonic decays
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• Similarly sensitivity as Belle 15’ result @ 711 fb-1  with only 365 fb-1
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CKM 2025
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“B anomaly” in semileptonic decays 2025
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Constraint on charged Higgs scenario
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H-

• Charged Higgs in 2HDM (type II) is disfavored 

• General 2HDM still survives
•



Br(B→τν) result with had. tag
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τ→eνν τ→πν

Br(B→τν)  = (1.24 ± 0.41(stat) ± 0.29(syst)) x 10-4

• Belle II Br(B→τν) measurement @ 365 fb-1

• Theoretical clean 

• Rare decay

• Sensitive to new physics, e.g. charged higgs

3σ wrt background-only hypothesis

PRD 112 032010 (2025)

hhttps://journals.aps.org/prd/pdf/10.1103/dcwd-5tg4


Br(B→µν) result with inclusive tag
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Br(B→µν)  = (4.36 ± 1.89(stat) ± 1.02(syst)) x 10-7

• Belle&Belle II Br(B→µν) measurement w/ inclusive tagging @ 1076 fb-1

• Theoretical clean 

• Rare decay

• Sensitive to new physics, e.g. charged Higgs

2.35σ over background-only hypothesis



Expected sensitivity of LFU test at Belle II
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2~4 ab-1

The Belle II Physics Book, PTEP 2019, 123C01 

R(D(*))

https://doi.org/10.1093/ptep/ptz106
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Summary and prospects
•R(D(*)) shows 3.3σ deviation between experimental average value and standard 

model prediction 

•Hint of Lepton Flavor Universality Violation  


•Belle II performed new tests of LFU

• 189 fb-1 data

Rτ/l (D*) = 0.267 +0.041-0.039 (stat) +0.028-0.033 (syst)

• 365 fb-1 data

•Semileptonic tag


Rτ/l (D+) = 0.418 ± 0.074 (stat) ± 0.051 (syst)

Rτ/l (D*+) = 0.316 ± 0.034 (stat) ± 0.018 (syst)


• Hadronic tag  
Rτ/l (D) = 0.439 ± 0.055 (stat) ± 0.045 (syst)

Rτ/l (D*) = 0.242 ± 0.019 (stat) ± 0.016 (syst)


• R(D*) vs. Pτ(D*) result with hadronic tag @ 365 fb-1 coming soon,  stay tuned !!!


