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Lepton Flavor Universality Anomaly
in 𝐵 → 𝐷(∗)𝜏𝜈 Decays

• 𝑅 𝐷(∗) =
ℬ(𝐵→𝐷(∗)𝜏ഥ𝜈)

ℬ(𝐵→𝐷(∗)ℓഥ𝜈)

• Measurements so far show deviation 

from the SM expectation

o 𝑅(𝐷) ~ 1.6𝜎

o 𝑅(𝐷 ∗) ~ 2.5𝜎

o Combined ~ 𝟑. 𝟑𝝈
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ℓ = 𝑒, 𝜇



Phys. Rev. D 109, 112006

Evidence for 𝐵 → 𝐾𝜈 ҧ𝜈 Decays at Belle II 
[Phys. Rev. D 109, 112006]

• Signal evidence of 3.5σ significance

     by inclusive + hadronic tag 
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Inclusive tag

Inclusive tag  :  

Hadronic Tag

Combined

SM expectation:  
2.7σ deviation

4.97 × 10−6

[2.7 ± 0.5(stat) ± 0.5(syst)] × 10−5

[1.1−0.8
+0.9(stat)−0.5

+0.8(syst)] × 10−5

(2.3 ± 0.7) × 10−5

https://doi.org/10.1103/PhysRevD.109.112006


Possible New Physics 
in 𝐵 → 𝐷(∗)𝜏𝜈 and 𝑏 → 𝑠 Penguin 
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• Deviations from the SM may indicate 

New Physics (NP) effects in B decays with tau flavor. 

• Charged Higgs

• Leptoquark

• … 

𝐵0 → 𝐷 ∗ −𝜏+𝜈 𝐵0 → 𝑋𝑠𝜈 ҧ𝜈, 𝐾∗0𝜏𝜏, 𝐾 ∗ 0𝜏ℓ

B. Capdevila et al., PRL120, 181802(2018)

Possible NP enhancement of ℬ 𝑏 → 𝑠𝜏+𝜏−

as a function of R(X)

[B. Capdevila et al., PRL120, 181802(2018)]

https://doi.org/10.1103/PhysRevLett.120.181802


𝐵 Decay Analyses with Missing 
at B-factory
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Signal SideTag Side

(4S)Btag Bsig



𝑒+
ҧ𝜈𝜏

𝜈𝑒

𝑩→𝑫𝝉𝑩→𝑫𝝅 etc… D

• Difficulty due to the neutrino(s) in the signal decay

→ Utilize the B factory specific feature :  Tagging one of the 𝑩ഥ𝑩 pair in the event

Reconstruct and remove Btag from the event

→ Search for the signal decay in the remaining particles

𝜏+



[Computing and Software for Big Science 3, 6 (2019)]

𝐵𝑡𝑎𝑔: Full Event Interpretation (FEI)
[Computing and Software for Big Science 3, 6 (2019)]

• Reconstruct > 100 intermediate decays 

 → 𝑂(10,000) decay chains

• Multivariate classifier for signal probability

  → 𝑶𝑭𝑬𝑰 = 𝟎 ~ 𝟏 for BG ~ Sig

o Cut on 𝑂𝐹𝐸𝐼 : Optimize eff. vs purity in each analysis

o Additionally kinematical cuts are performed

• 𝐵𝑡𝑎𝑔 invariant mass for hadronic decays

• Missing ~ neutrino for semileptonic decays 

• Hadronic and Semleptonic Tagging

o Hadronic ~ 0.5 % eff.   

o Semileptonic ~ 1 % eff.         (eff. depends on OFEI cut)
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https://link.springer.com/article/10.1007/s41781-019-0021-8


Recent Belle,BelleII Results
arXiv:2504.11220

arXiv:2504.10042

arXiv:2412.16470

arXiv:2505.08418

arXiv:2507.12393

• 𝑩𝟎 → 𝑫 ∗ 𝝉𝝂 R(D(*)) with Semileptonic Tag at Belle II

 arXiv:2504.11220, accepted by PRD

• 𝑩𝟎 → 𝑲∗𝟎𝝉𝝉 with Hadronic Tag at Belle II 

 arXiv:2504.10042, submitted to PRL

• 𝑩𝟎 → 𝑲𝑺
𝟎𝝉ℓ and 𝑩𝟎 → 𝑲∗𝟎𝝉ℓ with Hadronic Tag at Belle + Belle II

 arXiv:2412.16470 (𝐾𝑆
0𝜏ℓ), accepted by PRL 

 arXiv:2505.08418 (𝐾∗0𝜏ℓ), accepted by JHEP

• 𝑩𝟎 → 𝑿𝒔𝝂ഥ𝝂 with Hadronic Tag at Belle II

• Reinterpretation of the 𝑩+ → 𝑲+𝝂ഥ𝝂 Belle II Result 

 arXiv:2507.12393, submitted to PRD
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Analyzed data 

Belle : 711fb-1

BelleII : 365fb-1

https://arxiv.org/abs/2504.11220
https://arxiv.org/abs/2504.10042
https://arxiv.org/abs/2412.16470
https://arxiv.org/abs/2505.08418
https://arxiv.org/abs/2507.12393


arXiv:2504.11220

𝐵0 → 𝐷 ∗ 𝜏𝜈 with Semileptonic Tag 

at Belle II
[arXiv:2504.11220] accepted by PRD

• First R(D(*)) BelleII measurement using semileptonic B tagging 

• 365fb-1 Belle II data

• Semileptonic FEI Tag, neutral Btag  

o Charged Btag is left for future study (require precise slow π0 understanding)

• Leptonic tau decays: 𝜏 → 𝑒 ҧ𝜈𝑒𝜈𝜏 , 𝜇 ҧ𝜈𝜇𝜈𝜏

• Fit signal B→D(*)τν and normalization B→D(*)lν simultaneously
 → obtain R(D*) and R(D)
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https://arxiv.org/abs/2504.11220


𝐵0 → 𝐷 ∗ 𝜏𝜈 Signal Separation
BDT used to separate events

o Semitauonic signal events : 𝑩 → 𝑫(∗)𝝉𝝂

o Semileptonic events 𝑩 → 𝑫(∗)𝓵𝝂 and 𝑩 → 𝑫∗∗𝓵𝝂

o Background events: continuum and 𝐵 ത𝐵

 

• Trained on 5 input variables

o 2 specific decay angle correlations to semileptonic 

decays

o Extra energy in the calorimeter

o Signal side D and lepton momentum

• Output for each event: 𝑍𝜏 , 𝑍ℓ , 𝑍bkg

→ Use 𝑍𝜏 , 𝑍diff ≡ 𝑍ℓ − 𝑍bkg for the signal extraction
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𝑩 → 𝑫(∗)𝝉𝝂 𝑩 → 𝑫(∗)𝓵𝝂

𝑩 → 𝑫∗∗𝓵𝝂 continuum 
and 𝐵 ത𝐵
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𝐵0 → 𝐷 ∗ 𝜏𝜈 Signal Extraction Fit 
• Fit is performed over 4 channels :𝐷𝑒, 𝐷∗𝑒, 𝐷𝜇, 𝐷∗𝜇 

• 2D binned likelihood fits to 𝑍𝜏 and 𝑍diff → projected to 1D

o X=0,1 → large normalization events → left axis

o Larger X → semitauonic signals → right axis

• 10 fit parameters : 2 signal, 2 normalization, 6 background
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𝐵0 → 𝐷 ∗ 𝜏𝜈 𝑅(𝐷
(∗)

) Results
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Also measured semi-electric to semi-muonic ratio

consistent with 1 in 1.2 and1.6 σ

First Belle II R(D(*)) Results with semileptonic tag

The tension between the R(D(*)) measurements 

and the SM increases from 3.3σ to 3.8σ. 

ℛ 𝐷+ = 0.418 ± 0.074(stat) ± 0.051(syst)

ℛ 𝐷∗+ = 0.306 ± 0.034(stat) ± 0.018(syst)

ℛ 𝐷𝑒/𝜇
+ = 1.07 ± 0.05(stat) ± 0.02(syst)

ℛ 𝐷𝑒/𝜇
∗+ = 1.08 ± 0.04(stat) ± 0.02(syst)



arXiv:2504.10042

𝐵0 → 𝐾∗0𝜏𝜏 with Hadronic Tag at Belle II 
[arXiv:2504.10042], submitted to PRL

J. L. Hewett, Phys. Rev. D 53, 4964 (1996) B. Capdevila et al., Phys. Rev. Lett. 120, 181802 (2018)

Phys. Rev. D 108, L011102 (2023)

• b→s penguin and box diagrams

• SM Prediction (0.98±0.10) x 10-7 

  [J. L. Hewett, Phys. Rev. D 53, 4964 (1996), B. Capdevila et al., Phys. Rev. Lett. 120, 181802 (2018)]

• 365fb-1 Belle II data

• Hadronic FEI Tag

• One prong tau decays: 𝜏 → 𝑒 ҧ𝜈𝑒𝜈𝜏 , 𝜇 ҧ𝜈𝜇𝜈𝜏 , 𝜋𝜈𝜏 , 𝜌𝜈𝜏 𝜌 → 𝜋𝜋0

• 𝐾∗0 → 𝐾+𝜋−

• Previous result: Belle 711fb-1 ℬ 𝐵0 → 𝐾∗0𝜏𝜏 < 3.1 × 10−3 (90% 𝐶. 𝐿. )
  [Phys. Rev. D 108, L011102 (2023)]
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https://arxiv.org/abs/2504.10042
https://doi.org/10.1103/PhysRevD.53.4964
https://doi.org/10.1103/PhysRevLett.120.181802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011102


𝐵0 → 𝐾∗0𝜏𝜏 Result
• Fit BDT Output to extract signals

o Event shape variables

o q2, kinematics of K* and τ candidates 

o Missing energy and momentum, extra energy in calorimeter

• Calibration by control samples such as off-resonance data, B→K*J/ψ events

• Separate events in 4 categories depending 𝜏𝜏 daughters

o ℓℓ,  πℓ, 𝜌 + anything, 𝜋𝜋
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𝓑 𝑩𝟎 → 𝑲∗𝟎𝝉𝝉 < 𝟏. 𝟖 × 𝟏𝟎−𝟑

Most stringent upper limit, with factor 2 improved sensitivity compared 

to the previous Belle analysis (thanks to FEI and BDT selections)

No significant signal →  set upper limit (90% C.L.)



arXiv:2412.16470

arXiv:2505.08418

𝐵0 → 𝐾𝑆
0𝜏ℓ and 𝐵0 → 𝐾∗0𝜏ℓ 

with Hadronic Tag at Belle + Belle II
[arXiv:2412.16470 (K0τℓ )], accepted by PRL

[arXiv:2505.08418 (K∗0τℓ)], accepted by JHEP

• b→s  lepton flavor violation

• Combine Belle and BelleII Data
o 711fb-1 Belle 

o 365fb-1 Belle II

• Hadronic FEI Tag

• Tau candidate: require one charged track
o For 𝐾𝑆

0𝜏ℓ,  e, μ, π, ρ(→ππ0) for one prong τ decays

o For 𝐾∗0𝜏ℓ , no explicit particle ID required

• 𝐾𝑆
0 → 𝜋+𝜋−, 𝐾∗0 → 𝐾+𝜋−
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PRD 86, 012004 (2012)

PRL130, 261802 (2023)

JHEP 06 2023 143

• Previously published results:
o BaBar 𝐵+ → 𝐾+𝜏ℓ upper limits at [1.5, 4.5] x 10-5

[PRD 86, 012004 (2012)]

o Belle 𝐵+ → 𝐾+𝜏ℓ 

     most stringent upper limit for 𝐵+ → 𝐾+𝜏+𝜇− at 6 × 10−6

[PRL130, 261802 (2023)]

o LHCb 𝐵+ → 𝐾∗0𝜏𝜇 upper limits at [0.8,1.0] x 10-5

 [JHEP 06 2023 143]

 
arXiv:2506.15347

(LHCb reported (preliminary) world best upper limit of 𝐵0 → 𝐾∗0𝜏𝑒 

at Moriond 2025 [arXiv:2506.15347] )

https://arxiv.org/abs/2412.16470
https://arxiv.org/abs/2505.08418
https://doi.org/10.1103/PhysRevD.86.012004
https://doi.org/10.1103/PhysRevLett.130.261802
https://doi.org/10.1007/JHEP06(2023)143
https://doi.org/10.48550/arXiv.2506.15347


𝐵0 → 𝐾𝑆
0𝜏ℓ Fit Results
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No significant signal → set upper limits (90% C.L.) 
First in B0

→KSτl 

Best limit for b→sτe

• Signal is exracted by fit to the recoiling τ mass

𝑀𝜏
2 = (𝐸𝑒+𝑒−−𝑝ℓ − 𝑝𝐾𝑆

0 − 𝑝𝐵𝑡𝑎𝑔
)2

• Calibration by recoiling D mass in 𝐵 → 𝐷𝐷𝑆 

control sample

𝑩 → 𝑫𝑫𝑺 control sample

ℬ 𝐵0 → 𝐾𝑆
0𝜏+𝜇− < 1.1 × 10−5

ℬ 𝐵0 → 𝐾𝑆
0𝜏−𝜇+ < 3.6 × 10−5

ℬ 𝐵0 → 𝐾𝑆
0𝜏+𝑒− < 1.5 × 10−5

ℬ 𝐵0 → 𝐾𝑆
0𝜏−𝑒+ < 0.8 × 10−5



𝐵0 → 𝐾∗0𝜏ℓ Fit Results
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No significant signal → set upper limits (90% C.L.) 
First at B-factory

in 𝑩𝟎 → 𝑲∗𝟎𝝉ℓ

• Simultaneous fit of Belle and Belle II data

ℬ 𝐵0 → 𝐾∗0𝜏+𝑒− < 2.9 × 10−5

ℬ 𝐵0 → 𝐾∗0𝜏−𝑒+ < 6.4 × 10−5

ℬ 𝐵0 → 𝐾∗0𝜏+𝜇− < 4.2 × 10−5

ℬ 𝐵0 → 𝐾∗0𝜏−𝜇+ < 5.6 × 10−5

𝐵0 → 𝐾∗0𝜏+𝑒−

𝐵0 → 𝐾∗0𝜏−𝑒+

𝐵0 → 𝐾∗0𝜏+𝜇−

𝐵0 → 𝐾∗0𝜏−𝜇+

Belle

Belle

Belle II

Belle II

Belle

Belle

Belle II

Belle II



Search for 𝐵0 → 𝑋𝑠 𝜈 ҧ𝜈
with Hadronic Tag at Belle II
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T. Felkl et al., JHEP 12, 118 (2021)]

A. J. Buras et al., JHEP 02, 184 (2015)

Eur. Phys. J. C 19, 213 (2001)]

• Inclusive b→s decays → Sensitive to the different NP parameters

   [T. Felkl et al., JHEP 12, 118 (2021)]

• SM Prediction (2.9±0.3) x 10-5 [A. J. Buras et al., JHEP 02, 184 (2015)]

• Previous result: ALEPH, ℬ 𝑏 → 𝑠𝜈 ҧ𝜈 < 6.4 × 10−4 (90% 𝐶. 𝐿. )

     [Eur. Phys. J. C 19, 213 (2001)]

• 365fb-1 Belle II data 

• Hadronic FEI Tag

https://doi.org/10.1007/JHEP12(2021)118
https://doi.org/10.1007/JHEP02(2015)184
https://doi.org/10.1007/s100520100612
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𝐵0 → 𝑋𝑠 𝜈 ҧ𝜈 Results
• XS reconstructed in 30 decay modes: 

    K, Kπ, K2π, K3π, K4π, 3K, 3Kπ

     covers 93% of the inclusive modes

• Requires no remaining particles

• Background suppression by BDT

• Fit the BDT output in 3 𝑀𝑋𝑆
 regions 

 no significant signal → set upper limits (90% C.L.)

ℬ 𝐵0 → 𝑋𝑆𝜈 ҧ𝜈 <

2.5 × 10−5 (0.0 < 𝑀𝑋𝑆
< 0.6 GeV/𝑐2) 

1.0 × 10−4 (0.6 < 𝑀𝑋𝑆
< 1.0 GeV/𝑐2)

3.5 × 10−4 (1.0 GeV/𝑐2 < 𝑀𝑋𝑆
)

 For entire 𝑀𝑋𝑆
region

ℬ 𝐵0 → 𝑋𝑆𝜈 ҧ𝜈 < 3.6 × 10−4

World best limit and first at B-factory

Compatible with the hadronic tagged

contribution to Belle II 𝐵+ → 𝐾+𝜈 ҧ𝜈



arXiv:2507.12393

Reinterpretation of B+ → K+νതν
[arXiv:2507.12393], submitted to PRD

L. Gärtner et al., Eur. Phys. J. C 84, 693 (2024)

Belle II Inclusive + Hadronic Tag Analysis Result 

 ℬ(𝐵+→ 𝐾+𝜈 ҧ𝜈) = [2.3 ± 0.5(stat)−0.4
+0.5(syst)] × 10−5

 3.5σ above the bkg-only hypothesis

             2.7σ above the SM prediction
 

SM shape is assumed → How to interpret it in the new physics models? 

Reinterpretation with model-agnostic likelihoods 
     based on [L. Gärtner et al., Eur. Phys. J. C 84, 693 (2024)]

• Number density for SM: 𝑛0 𝑥 = 𝐿  𝜀 𝑥 𝑞2 𝜎0 𝑞2 𝑑𝑞2 → σ𝑞2𝑏𝑖𝑛𝑠 𝑛0,𝑞2 𝑥 ,

𝑥 = fitting variable
𝜀 = efficiency 

𝜎0 = cross section density

𝐿 = luminosity

• Number density for alternative model: 𝑛1 𝑥 = σ𝑞2𝑏𝑖𝑛𝑠 𝑛0,𝑞2 𝑥 𝑤 𝑞2 ,  𝑤 𝑞2 = 𝜎1 𝑞2 /𝜎0 𝑞2
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 Model dependent

https://arxiv.org/abs/2507.12393
https://doi.org/10.1140/epjc/s10052-024-13038-4


Application to 𝐵+ → 𝐾+𝜈 ҧ𝜈
Number density for the alternative model:

 𝑛1 𝑥 = σ𝑞2𝑏𝑖𝑛𝑠 𝑛0,𝑞2 𝑥 𝑤 𝑞2

   𝑤 𝑞2 = 𝜎1 𝑞2 /𝜎0 𝑞2

• 𝑛0,𝑞2 𝑥  : calculated for the SM

a map for q2 → histogram bins of reconstructed q2 and η(BDT2) 

• Weight 𝑤(𝑞2) calculated for the NP model

Differential cross section calculated with Weak Effective Theory (WET)

including vector, scalar and tensor contributions 

(SM: 𝐶𝑉𝐿 only)
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𝑑ℬ

𝑑𝑞2
= 𝛼 𝑞2 𝐶𝑉𝐿 + 𝐶𝑉𝑅|2 + 𝛽 𝑞2 𝐶𝑆𝐿 + 𝐶𝑆𝑅|2

  +𝛾 𝑞2 |𝐶𝑇𝐿|2



NP Interpretation of 𝐵+ → 𝐾+𝜈 ҧ𝜈 
• Fit with the reweighted number density

    Three parameters of interest (taken as real) :  

𝐶𝑉𝐿 + 𝐶𝑉𝑅 ,  𝐶𝑆𝐿 +𝐶𝑆𝑅 , 𝐶𝑇𝐿 

• 3.3σ significance v.s. bkg only 
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Vector + Tensor solution is preferred

(Highest η(BDT2) Region)

The necessary information for reinterpretation with any NP model will also be published on HEPData.



Summary
• Anomaly in R(D*) and R(D) and large 𝐵 → 𝐾𝜈 ҧ𝜈 signal

→ Correlated NP may be in 𝐵 → 𝐷(∗)𝜏𝜈 and 𝑏 → 𝑠 penguin decays

New results from Belle+BelleII with analyses with the improved sensitivity are reported.

• Tension in R(D(*)) increased to 3.8 σ by adding the BelleII semileptonic tag results

• Searches for 𝑏→𝑠 penguin decays with 𝜏 and 𝜈
o Best upper limit of 𝐵0 → 𝐾∗𝜏𝜏

o First search of 𝐵0 → 𝐾𝑆
0𝜏ℓ 

o First search at B-factories of 𝐵0 → 𝐾∗0𝜏ℓ

o Best upper limit of 𝐵0 → 𝑋𝑆𝜈 ҧ𝜈

• Reinterpretation of 𝐵+ → 𝐾+𝜈 ҧ𝜈  with New Physics by WET calculation is performed

o Vector + Tensor solution is preferred.

o The tools for further reinterpretation with other any NP possibilities will be provided.

More results will come with increasing Belle II data
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𝐵0 → 𝐷 ∗ 𝜏𝜈 𝑅(𝐷(∗)) 
Syst. Errors
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• Multiplicatives are small 

→cancel by taking Ratio

• MC sample size is the largest source

• 𝐵→𝐷∗∗ℓ𝜈 understanding (written as “Gap 𝐵”)

 and the semileptonic/tauonic form factors are 

the next largest 



𝐵0 → 𝐾∗0𝜏𝜏 Efficiency and Syst. Errors
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Signal efficiencies and expected 

background yields

Systematic errors



𝐵0 → 𝐾𝑆
0𝜏ℓ Efficiency and Syst. Errors

Systematic errors

• BDT selections 16-18 % 

• Signal PDF 15%

• 𝐵𝑡𝑎𝑔 efficiency 4%

• Fitting procedure 0.8-1.6%

• 𝐾𝑆 reconstruction 1.1%

• PID 0.3-1.0% 

• 𝜋0 reconstruction 1.3%

• Requirement of no additional 𝜋0 1.0 %

• 𝑁𝐵 ത𝐵  1.1% 

• f+-/00  1.5%

• ℬ of 𝐾𝑆, 𝜏, 𝜌, 𝜋0  0.7%
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𝐵 → 𝐷𝑆 𝐷− sample



𝐵0 → 𝐾∗0𝜏ℓ Efficiency and Syst. Errors
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𝑂𝑆ℓ ∶  𝐵0 → 𝐾∗0𝜏+ℓ−

𝑆𝑆ℓ ∶  𝐵0 → 𝐾∗0𝜏−ℓ+

Signal efficiencies 

𝐵 flavor and ℓ charge relations Systematic errors



𝐵0 → 𝑋𝑠𝜈 ҧ𝜈 Efficiency and Syst. Errors
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Branching fractions and efficiencies 

Systematic errors

Explicit 30 Decay modes
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