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LHCb detector

- Single-arm spectrometer covering 

most of the region where

𝜎(𝑝𝑝 → 𝑏ത𝑏𝑋) is maximal

- In Run 1 and 2, around 2 × 1012

and 8 × 1012 𝑏ത𝑏 pairs produced in 

LHCb acceptance, respectively. 

- Excellent vertexing and PID 

capabilities to perform high precision 

measurement of semi-leptonic B decay.
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Τ𝝈𝒑 𝒑~ 𝟎. 𝟏 − 𝟎. 𝟔

Τ𝐆𝐞𝐕 𝐜
at 5 – 100 Τ𝐆𝐞𝐕 𝐜

Tracking

𝝁 ID ∈ 97 %,  0.6 %  𝝅 → 𝝁
𝒆 ID ∈ 95 %,  1 %  𝝅 → 𝒆
𝑲 ID ∈ 90 %,  3 %  𝝅 → 𝑲

Particle identification

JINST 3 (2008) S08005

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
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Why b-hadrons charged-current decays ?
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Test of Lepton Flavour
Universality

CKM parameters
(e.g. 𝑉𝑐𝑏 , 𝑉𝑢𝑏 measurement)

b−hadron production

Form factor parameters and 
Wilson coefficients
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Why b-hadrons charged-current decays ?
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Test of Lepton Flavour
Universality b−hadron production

Form factor parameters and 
Wilson coefficients

Will focus on this topic today

CKM parameters
(e.g. 𝑉𝑐𝑏 , 𝑉𝑢𝑏 measurement)
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Lepton Flavour Universality (LFU) in the SM

What is LFU ? 

In Standard Model (SM), electroweak couplings to 

each lepton generation are identical.

How can LFU be violated ?  

The couplings could be affected by New Physics (NP) contributions.

e.g. Leptoquarks, two Higgs doublet, non-universal left-right model
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Same coupling strength
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Test LFU with charged-current decays in LHCb

LFU can be tested in decay ratios 

𝑹 𝑿𝒄 =
𝑩𝑭(𝑿𝒃→𝑿𝒄𝒍𝒗)

𝑩𝑭(𝑿𝒃→𝑿𝒄𝒍
′𝒗)

, 𝑿𝒃(𝒄) is a meson or baryon containing a b or c quark
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High precision :
Large statistics due to 𝑏 → 𝑐 transition 
and large cross-section of 𝑝𝑝 → 𝑏ത𝑏 in 
LHCb.

Theoretically clean : 
Uncertainties from common systematic 
and hadronic form factor mostly cancel by 
measuring the decay ratio

Advantages Challenges

Missing neutrinos in the final state : 
Affects the resolution of the observables 

Large background contamination due to 
partial reconstruction. 

Uncertainties from template statistics : 
Large simulation samples needed for 
modelling signal and background.
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Experimental and theoretical status for 𝑹(𝑫 ∗ )
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Link of HFLAV 𝑹(𝑫 ∗ ) average in 2025

3.8 𝝈 tension in 𝑹(𝑫 ∗ ) measurement with SM prediction 

Currently, we have 𝑅(𝐷(∗)−) Τ𝜏 𝜇

measurements using hadronic and
muonic 𝜏 decays in LHCb.

hadronic

muonic

https://hflav-eos.web.cern.ch/hflav-eos/semi/spring25/html/RDsDsstar/RDRDs.html
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Semi-leptonic LFU measurements in LHCb
Muonic 𝝉 decays

9

Hadronic 𝝉 decays 

Run 1 (2015) PRL 115 11803
𝑅 𝐷∗+ = 0.336 ± 0.027 𝑠𝑡𝑎𝑡 ± 0.030 (𝑠𝑦𝑠𝑡)

Run 1 (2023) PRL 131 11802
𝑅 𝐷∗ = 0.281 ± 0.018 𝑠𝑡𝑎𝑡 ± 0.024 (𝑠𝑦𝑠𝑡)
𝑅 𝐷0 = 0.441 ± 0.060 𝑠𝑡𝑎𝑡 ± 0.066 (𝑠𝑦𝑠𝑡)

Part of Run 2 (2024) PRL 134 061801
𝑅 𝐷∗+ = 0.402 ± 0.081 𝑠𝑡𝑎𝑡 ± 0.085 (𝑠𝑦𝑠𝑡)
𝑅 𝐷+ = 0.249 ± 0.043 𝑠𝑡𝑎𝑡 ± 0.047 (𝑠𝑦𝑠𝑡)

Run 1 (2018) PRL 120 121801
𝑅 Τ𝐽 𝛹 = 0.71 ± 0.17 𝑠𝑡𝑎𝑡 ± 0.18 (𝑠𝑦𝑠𝑡)

Run 1 (2018) PRL 120 171802
𝑅 𝐷∗+ = 0.291 ± 0.019 𝑠𝑡𝑎𝑡 ± 0.026 𝑠𝑦𝑠𝑡 ± 0.013 (𝑒𝑥𝑡)

Part of Run 2 (2023) PRD 108 (2023) 012018 Erratum
𝑅 𝐷∗+ = 0.260 ± 0.015 𝑠𝑡𝑎𝑡 ± 0.016 𝑠𝑦𝑠𝑡 ± 0.012 (𝑒𝑥𝑡)

Run 1 (2022) PRL 128 191803
𝑅 Λ𝑐

+ = 0.242 ± 0.026 𝑠𝑡𝑎𝑡 ± 0.040 𝑠𝑦𝑠𝑡 ± 0.059 (𝑒𝑥𝑡)

Run 1 & 2 (2025) PRL 135 021802

𝑅(𝐷1,2
∗∗0) = 0.13 ± 0.03 𝑠𝑡𝑎𝑡 ± 0.01 𝑠𝑦𝑠𝑡 ± 0.02 (𝑒𝑥𝑡)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://journals.aps.org/prl/abstract/10.1103/rj9h-n4w1
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Semi-leptonic LFU measurements in LHCb
Muonic 𝝉 decays
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Hadronic 𝝉 decays 

Run 1 (2015) PRL 115 11803
𝑅 𝐷∗+ = 0.336 ± 0.027 𝑠𝑡𝑎𝑡 ± 0.030 (𝑠𝑦𝑠𝑡)

Run 1 (2023) PRL 131 11802
𝑅 𝐷∗ = 0.281 ± 0.018 𝑠𝑡𝑎𝑡 ± 0.024 (𝑠𝑦𝑠𝑡)
𝑅 𝐷0 = 0.441 ± 0.060 𝑠𝑡𝑎𝑡 ± 0.066 (𝑠𝑦𝑠𝑡)

Part of Run 2 (2024) PRL 134 061801
𝑅 𝐷∗+ = 0.402 ± 0.081 𝑠𝑡𝑎𝑡 ± 0.085 (𝑠𝑦𝑠𝑡)
𝑅 𝐷+ = 0.249 ± 0.043 𝑠𝑡𝑎𝑡 ± 0.047 (𝑠𝑦𝑠𝑡)

Run 1 (2018) PRL 120 121801
𝑅 Τ𝐽 𝛹 = 0.71 ± 0.17 𝑠𝑡𝑎𝑡 ± 0.18 (𝑠𝑦𝑠𝑡)

Run 1 (2018) PRL 120 171802
𝑅 𝐷∗+ = 0.291 ± 0.019 𝑠𝑡𝑎𝑡 ± 0.026 𝑠𝑦𝑠𝑡 ± 0.013 (𝑒𝑥𝑡)

Part of Run 2 (2023) PRD 108 (2023) 012018 Erratum
𝑅 𝐷∗+ = 0.260 ± 0.015 𝑠𝑡𝑎𝑡 ± 0.016 𝑠𝑦𝑠𝑡 ± 0.012 (𝑒𝑥𝑡)

Run 1 (2022) PRL 128 191803
𝑅 Λ𝑐

+ = 0.242 ± 0.026 𝑠𝑡𝑎𝑡 ± 0.040 𝑠𝑦𝑠𝑡 ± 0.059 (𝑒𝑥𝑡)

Run 1 & 2 (2025) PRL 135 021802

𝑅(𝐷1,2
∗∗0) = 0.13 ± 0.03 𝑠𝑡𝑎𝑡 ± 0.01 𝑠𝑦𝑠𝑡 ± 0.02 (𝑒𝑥𝑡)

Introduced in this talk

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://journals.aps.org/prl/abstract/10.1103/rj9h-n4w1


𝑹(𝑫 ∗ −) measurements
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𝑹(𝑫+) and 𝑹(𝑫∗+) with muonic 𝝉 decays

Data collected in 2015-2016 corresponding to

2 fb-1 integrated luminosity

Measure 𝑩𝑭(ഥ𝑩𝟎 → 𝑫 ∗ +𝝉−ഥ𝒗𝝉)/𝑩𝑭(ഥ𝑩
𝟎 → 𝑫 ∗ +𝝁−ഥ𝒗𝝁)

with 𝑫∗+ → 𝑫+(→ 𝑲−𝝅+𝝅+)𝝅𝟎

Determine signal yields using 3-D fit with

𝑞2 = (𝑝𝐵0 − 𝑝𝐷(∗))2

𝑀𝑚𝑖𝑠𝑠
2 = (𝑝𝐵0 − 𝑝𝐷(∗) − 𝑝𝜇)

2

𝐸𝜇
∗: muon energy in B rest frame

Where the templates are derived from simulation and control data
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𝑅 𝐷∗+ = 0.402 ± 0.081 ± 0.085
𝑅 𝐷+ = 0.249 ± 0.043 ± 0.047
Correlation : 𝜌 = −0.39

PRL 134 061801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.061801
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𝑹(𝑫∗−) with hadronic 𝝉 decays 

Data collected in 2015-2016 corresponding to

2 fb-1 integrated luminosity

Measure 𝑩𝑭 𝑩𝟎 → 𝑫∗−𝝉+𝒗𝝉 with 𝑫∗− → ഥ𝑫𝟎𝝅−

- Using normalization mode 𝐵0 → 𝐷∗−𝜋+𝜋−𝜋+

- Derive 𝑅(𝐷∗−) using known 𝐵𝐹 𝐵0 → 𝐷∗−𝜇+𝑣𝜏

Determine signal yields using 3-D fit with

𝑞2 = (𝑝𝐵0 − 𝑝𝐷∗−)2 , Anti-𝐷𝑠
+ BDT output and 𝜏 decay time (𝑡𝜏)

Ratio of background 𝐵 → ഥ𝐷∗∗𝜏+𝑣𝜏 is fixed using PDG value.

Templates are derived from simulation and control data.
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𝑅 𝐷∗− = 0.260 ± 0.015 ± 0.016 ± 0.012
𝑅𝑐𝑜𝑚𝑏 𝐷∗− = 0.267 ± 0.012 ± 0.015 ± 0.013

PRD 108 (2023) 012018 Erratum

*Combined with previous results
PRD 97 (2018) 072013 PRL 120 (2018) 171802

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
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𝑹(𝑫∗−) with hadronic 𝝉 decays 

Data collected in 2015-2016 corresponding to

2 fb-1 integrated luminosity

Measure 𝑩𝑭 𝑩𝟎 → 𝑫∗−𝝉+𝒗𝝉 with 𝑫∗− → ഥ𝑫𝟎𝝅−

- Using normalization mode 𝐵0 → 𝐷∗−𝜋+𝜋−𝜋+

- Derive 𝑅(𝐷∗−) using known 𝐵𝐹 𝐵0 → 𝐷∗−𝜇+𝑣𝜏

Determine signal yields using 3-D fit with

𝑞2 = (𝑝𝐵0 − 𝑝𝐷∗−)2 , Anti-𝐷𝑠
+ BDT output and 𝜏 decay time (𝑡𝜏)

Ratio of background 𝐵 → ഥ𝐷∗∗𝜏+𝑣𝜏 is fixed using PDG value.

Templates are derived from simulation and control data.
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𝑅 𝐷∗− = 0.260 ± 0.015 ± 0.016 ± 0.012
𝑅𝑐𝑜𝑚𝑏 𝐷∗− = 0.267 ± 0.012 ± 0.015 ± 0.013

PRD 108 (2023) 012018 Erratum

*Combined with previous results
PRD 97 (2018) 072013 PRL 120 (2018) 171802

Both measurements using muonic and hadronic 𝝉
decays are compatible with the world average and agree 

with SM prediction (PRD 107 (2023) 052008) within 1𝝈

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/journals.aps.org/prd/pdf/10.1103/PhysRevD.107.052008


𝑩− → 𝑫∗∗𝟎𝝉−ഥ𝒗𝝉 study
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Introduction

Goals of the analysis

- Search for 𝐵− → 𝐷∗∗0𝜏− ҧ𝑣𝜏 with hadronic 𝜏 decay

- Measure 𝐵𝐹 𝐵− → 𝐷1,2
∗∗0𝜏− ҧ𝑣𝜏 × 𝐵𝐹 𝐷1,2

∗∗0 → 𝐷∗+𝜋−

with normalization channel 𝐵− → 𝐷1,2
∗∗0𝐷𝑠

∗ −

where 𝐷1,2
∗∗0 involves 𝐷1(2420)0, 𝐷2

∗(2460)0
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- Due to limited knowledge of the 𝐷∗𝜏− ҧ𝑣𝜏
contamination by 𝐷∗∗0𝜏− ҧ𝑣𝜏 , this 
measurement is an important input for
other 𝑹 𝑫∗ measurements.  

- Measure 𝑅 𝐷1,2
∗∗0 =

𝐵𝐹(𝐵−→𝐷1,2
∗∗0𝜏− ത𝑣𝜏)

𝐵𝐹(𝐵−→𝐷1,2
∗∗0𝜇− ത𝑣𝜇)

SM prediction : 0.09 ± 0.02

PRD 97 (2018) 075011

𝐷∗∗0 states in this study
𝐷1
′(2400)0 : 𝑚 = 2412 ± 9, Γ = 314 ± 29

𝐷1(2420)
0 : 𝑚 = 2422.1 ± 0.6, Γ = 31.3 ± 1.9

𝐷2
∗(2460)0 : 𝑚 = 2461.1 ± 0.8, Γ = 47.3 ± 0.8

Unit : 𝑚 ΤMeV c2 , Γ [ ΤMeV c]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075011
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Analysis strategy
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Dataset : 9 fb-1 Run 1 & 2 data

Suppress 𝐵 → 𝐷∗∗0𝜋−𝜋−𝜋+(𝑋) with flight distance 

requirement on the 𝜏−

Three multivariate BDTs to reject

- Fake 𝐷∗∗0 candidates
- Background 𝐷1,2

∗∗0 → 𝐷∗+𝜋−

where 𝜋− from 5-prong 𝐷𝑠
+ decay

- 𝐷𝑠
+ → 𝜋+𝜋−𝜋+(𝑋) mimicking hadronic 𝜏+decay 

(denoted as anti-𝐷𝑠
+ BDT)

3D Binned fit to extract the yields
- ∆𝑚 = 𝑚𝐷∗∗0 −𝑚𝐷∗+

- anti-𝐷𝑠
+ BDT output

- 𝑞2 = (𝑝𝐵0 − 𝑝𝐷(∗))2 = 𝑚2 of 𝜏− ҧ𝑣𝜏 system

123 ± 23 𝐵− → 𝐷1,2
∗∗0𝜏− ҧ𝑣𝜏 candidates

220 ± 34 𝐵− → 𝐷∗∗0𝜏− ҧ𝑣𝜏 candidates

PRL 135 021802

https://journals.aps.org/prl/abstract/10.1103/rj9h-n4w1
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Results

𝟑. 𝟓𝝈 significance of 𝑩− → 𝑫∗∗𝟎𝝉−ഥ𝒗𝝉 decay

- Pure 𝐷2(2460)0 contribution excluded at 2.7 σ

The branching ratio measurement

-
𝐵𝐹(𝐵−→𝐷1,2

∗∗0𝜏− ത𝑣𝜏)

𝐵𝐹(𝐵−→𝐷1,2
∗∗0𝐷𝑠

∗ −
)
= 0.19 ± 0.04 ± 0.02, with 𝐵𝐹(𝐵− → 𝐷1,2

∗∗0𝐷𝑠
∗ −

) value in PDG Phys. Rev. D 110, 030001 (2024)

𝐵𝐹 𝐵− → 𝐷1,2
∗∗0𝜏− ҧ𝑣𝜏 × 𝐵𝐹 𝐷1,2

∗∗0 → 𝐷∗+𝜋−

= (0.051 ± 0.013 ± 0.006 ± 0.009)

- With known 𝐵𝐹(𝐵− → 𝐷1,2
∗∗0𝜇− ҧ𝑣𝜇) value in PDG, 

𝑅 𝐷1,2
∗∗0 =

𝐵𝐹(𝐵−→𝐷1,2
∗∗0𝜏− ത𝑣𝜏)

𝐵𝐹(𝐵−→𝐷1,2
∗∗0𝜇− ത𝑣𝜇)

= 0.13 ± 0.03 ± 0.01 ± 0.02

Agree with SM prediction 𝟎. 𝟎𝟗 ± 𝟎. 𝟎𝟐 !
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From uncertainty of 𝑩𝑭(𝑩− → 𝑫𝟏,𝟐
∗∗𝟎𝑫𝒔

∗ −
) in PDG

Measured for the first time ! 

Measured for the first time ! 

PRL 135 021802

PRD 97 (2018) 075011

https://academic.oup.com/ptep/article/2022/8/083C01/6651666
https://journals.aps.org/prl/abstract/10.1103/rj9h-n4w1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075011
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Results

𝟑. 𝟓𝝈 significance of 𝑩− → 𝑫∗∗𝟎𝝉−ഥ𝒗𝝉 decay

- Pure 𝐷2(2460)0 contribution excluded at 2.7 σ

The branching ratio measurement

-
𝐵𝐹(𝐵−→𝐷1,2

∗∗0𝜏− ത𝑣𝜏)

𝐵𝐹(𝐵−→𝐷1,2
∗∗0𝐷𝑠

∗ −
)
= 0.19 ± 0.04 ± 0.02, with 𝐵𝐹(𝐵− → 𝐷1,2

∗∗0𝐷𝑠
∗ −

) value in PDG Phys. Rev. D 110, 030001 (2024)

𝐵𝐹 𝐵− → 𝐷1,2
∗∗0𝜏− ҧ𝑣𝜏 × 𝐵𝐹 𝐷1,2

∗∗0 → 𝐷∗+𝜋−

= (0.051 ± 0.013 ± 0.006 ± 0.009)

- With known 𝐵𝐹(𝐵− → 𝐷1,2
∗∗0𝜇− ҧ𝑣𝜇) value in PDG, 

𝑅 𝐷1,2
∗∗0 =

𝐵𝐹(𝐵−→𝐷1,2
∗∗0𝜏− ത𝑣𝜏)

𝐵𝐹(𝐵−→𝐷1,2
∗∗0𝜇− ത𝑣𝜇)

= 0.13 ± 0.03 ± 0.01 ± 0.02

Agree with SM prediction 𝟎. 𝟎𝟗 ± 𝟎. 𝟎𝟐 !
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From uncertainty of 𝑩𝑭(𝑩− → 𝑫𝟏,𝟐
∗∗𝟎𝑫𝒔

∗ −
) in PDG

Measured for the first time ! 

Measured for the first time ! 

PRL 135 021802

PRD 97 (2018) 075011 JHEP 05 (2022) 29 arxiv:2102.11608

Important input for future measurements !

https://academic.oup.com/ptep/article/2022/8/083C01/6651666
https://journals.aps.org/prl/abstract/10.1103/rj9h-n4w1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075011
https://link.springer.com/article/10.1007/JHEP05(2022)029
https://arxiv.org/abs/2102.11608
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Semi-leptonic Hyperon Decays

21

The LFU test observable defined as the ratio between muon 
and electron modes

𝑅𝜇𝑒 =
𝐵𝐹(𝐵1 → 𝐵2𝜇

− ҧ𝑣𝜇)

𝐵𝐹(𝐵1 → 𝐵2𝑒
− ҧ𝑣𝑒)

is sensitive to non standard scalar and tensor contributions.
*𝐵(1,2) indicates hyperon

In the SM, the dependence on the form factors is 
anticipated to simplify when considering the ratio

PRL 114 161802where ∆= 𝑀𝐵1 −𝑀𝐵2

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.161802
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Experimental and theoretical status for 𝑹𝝁𝒆

Investigate whether LFU also breaks in charged-current decays of 𝒔 → 𝒖 transition.

The 𝑹𝒆𝒙𝒑
𝝁𝒆

= Τ𝑩𝑭 𝜦 → 𝒑𝝁−ഥ𝒗𝝁 𝑩𝑭 𝜦 → 𝒑𝒆−ഥ𝒗𝒆 can be evaluated by only measuring 𝑩𝑭 𝜦 → 𝒑𝝁−ഥ𝒗𝝁

- Since the electron mode has already been measured very precisely

Value in PDG : 𝐵𝐹 𝛬 → 𝑝𝑒− ҧ𝑣𝑒 = (8.34 ± 0.14) × 10−4

- Best branching fraction measurement until now from BESIII (2021):

𝐵𝐹 𝛬 → 𝑝𝜇− ҧ𝑣𝜇 = 1.48 ± 0.21 × 10−4

The experimental result and the theoretical prediction value :

𝑅𝑝𝑟𝑒𝑑𝑐𝑡𝑖𝑜𝑛
𝜇𝑒

= 0.1880 ± 0.0083

𝑅𝑒𝑥𝑝
𝜇𝑒

= 0.178 ± 0.028

22

arXiv:2507.09970 [hep-lat]

PRL 127 121802

Phys. Rev. D 110, 030001 (2024)

https://arxiv.org/abs/2507.09970
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.121802
https://academic.oup.com/ptep/article/2022/8/083C01/6651666
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Analysis strategy 

23

Two-dimensional binned maximum likelihood fit :

LHCb-PAPER-2025-030 
(in preparation)

Use 𝑺𝑽, 𝑷𝑽

to find the
direction of 𝜦

To identify background from 𝜦 → 𝒑 (𝝅− → 𝝁−ഥ𝒗𝝁) , kinematic 

strategies developed for two different scenarios :
-Prompt pion decay (muon at VELO)
-Late pion decay (pion at VELO)

𝒎𝒄𝒐𝒓𝒓(𝒑𝝅) variable computed using the corrected 𝒑𝝅 for 
distinguishing different components.

Force 𝜦 point 
to 𝑷𝑽 to correct 𝒑𝝅−

Normalized using 𝜦 → 𝒑𝝅− decay to derive the branching ratio

https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
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Analysis strategy 
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Two-dimensional binned maximum likelihood fit :

LHCb-PAPER-2025-030 
(in preparation)

Use 𝑺𝑽, 𝑷𝑽

to find the
direction of 𝜦

To identify background from 𝜦 → 𝒑 (𝝅− → 𝝁−ഥ𝒗𝝁) , kinematic 

strategies developed for two different scenarios :
-Prompt pion decay (muon at VELO)
-Late pion decay (pion at VELO)

𝒎𝒄𝒐𝒓𝒓(𝒑𝝅) variable computed using the corrected 𝒑𝝅 for 
distinguishing different components.

Force 𝜦 point 
to 𝑷𝑽 to correct 𝒑𝝅−

𝑩𝑭 𝜦 → 𝒑𝝁−ഥ𝒗𝝁 = (𝟏. 𝟒𝟔𝟐 ± 𝟎. 𝟎𝟏𝟔(𝐬𝐭𝐚𝐭. ) ± 𝟎. 𝟏𝟎𝟎(𝐬𝐲𝐬. ) ± 𝟎. 𝟎𝟏𝟏(𝐧𝐨𝐫𝐦)) × 𝟏𝟎−𝟒𝑩𝑭 𝜦 → 𝒑𝝁−ഥ𝒗𝝁 = (𝟏. 𝟒𝟔𝟐 ± 𝟎. 𝟎𝟏𝟔(𝐬𝐭𝐚𝐭. ) ± 𝟎. 𝟏𝟎𝟎(𝐬𝐲𝐬. ) ± 𝟎. 𝟎𝟏𝟏(𝐧𝐨𝐫𝐦)) × 𝟏𝟎−𝟒

https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
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Results

- LHCb has performed the world best 𝐵𝐹 𝛬 → 𝑝𝜇− ҧ𝑣𝜇 measurement, total uncertainty of 6.9%

𝐵𝐹 𝛬 → 𝑝𝜇− ҧ𝑣𝜇 = 1.462 ± 0.016 stat. ± 0.100 sys. ± 0.011 norm × 10−4 = (𝟏. 𝟒𝟔 ± 𝟎. 𝟏𝟎) × 𝟏𝟎−𝟒

- The result is in good agreement with BESIII measurement. 

- Since there is a long-standing tension in the determination of Vus, we indirectly measured Vus :

Vus = 0.253 ± 0.011

- Uncertainty very large compared to the PDG extractions using kaon decays:

Vus = 0.22431 ± 0.00085 , considered both 𝐾𝑙3 and 𝐾𝜇2 results  

- This measurement implies new constraints in 𝑅𝜇𝑒 (LFU in 𝑠 → 𝑢 transitions).

- The extracted 𝑅𝜇𝑒 = 0.175 ± 0.012 agrees with the SM prediction

25

LHCb-PAPER-2025-030 
(in preparation)

PDG Vus 2024

https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
https://pdg.lbl.gov/2024/web/viewer.html?file=../reviews/rpp2024-rev-vud-vus.pdf
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Conclusion

- The muonic 𝜏 decay 𝑅(𝐷 ∗ +) and hadronic 𝜏 decay 𝑅(𝐷∗−)measurements are consistent with
the SM prediction and previous measurements.

- 𝐵− → 𝐷∗∗0𝜏− ҧ𝑣𝜏 decay are observed, the branching ratio of 𝐵− → 𝐷1,2
∗∗0𝜏− ҧ𝑣𝜏 with 𝐷1,2

∗∗0 → 𝐷∗+𝜋− and

𝑅 𝐷1,2
∗∗0 are measured for the first time.

- LHCb has the best 𝐵𝐹 𝛬 → 𝑝𝜇− ҧ𝑣𝜇 for now, extracted 𝑅𝜇𝑒 = 0.175 ± 0.012 is consistent with SM 
prediction.

- Several semi-leptonic programs on LFU measurement

is ongoing
- 𝑅(𝐷∗−) Τ𝜇 𝑒

𝑅(𝐷𝑠
∗) 𝑅( ) measurements

- Angular analysis : ത𝐵0 → 𝐷 ∗ +𝜇− ҧ𝑣𝜇 , ത𝐵
0 → 𝐷 ∗ +𝜏− ҧ𝑣𝜏 , 𝛬𝑏

0 → 𝛬𝑐
+𝜇− ҧ𝑣𝜇

- 𝑅(𝐷∗−) Τ𝜏 𝑒
and angular analyses using Run 3 data is under

preparation

26
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Conclusion

- The muonic 𝜏 decay 𝑅(𝐷 ∗ +) and hadronic 𝜏 decay 𝑅(𝐷∗−)measurements are consistent with
the SM prediction and previous measurements.

- 𝐵− → 𝐷∗∗0𝜏− ҧ𝑣𝜏 decay are observed, the branching ratio of 𝐵− → 𝐷1,2
∗∗0𝜏− ҧ𝑣𝜏 with 𝐷1,2

∗∗0 → 𝐷∗+𝜋− and

𝑅 𝐷1,2
∗∗0 are measured for the first time.

- LHCb has the best 𝐵𝐹 𝛬 → 𝑝𝜇− ҧ𝑣𝜇 for now, extracted 𝑅𝜇𝑒 = 0.175 ± 0.012 is consistent with SM 
prediction.

- Several semi-leptonic programs on LFU measurement

is ongoing
- 𝑅(𝐷∗−) Τ𝜇 𝑒

𝑅(𝐷𝑠
∗) 𝑅( ) measurements

- Angular analysis : ത𝐵0 → 𝐷 ∗ +𝜇− ҧ𝑣𝜇 , ത𝐵
0 → 𝐷 ∗ +𝜏− ҧ𝑣𝜏 , 𝛬𝑏

0 → 𝛬𝑐
+𝜇− ҧ𝑣𝜇

- 𝑅(𝐷∗−) Τ𝜏 𝑒
and angular analyses using Run 3 data is under

preparation
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Thanks for your attention !
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𝑹(𝑫(∗)+) with muonic 𝝉 decays – control sample

Split the data into four regions with isolation tool

Region 1 

- No track is in the vicinity of the signal candidate. Used as signal region.

Region 2 & 3 

- One or two additional 𝜋± are around the signal candidate. Used for modeling 

ഥ𝑩𝟎 → 𝑫∗∗𝝉−ഥ𝒗𝝉 background. 𝐷∗∗ involves

𝐷1 2420 , 𝐷2
∗ 2460 , 𝐷1

′ 2430 and 𝐷0
∗ 2300 for region 2

𝐷3 2740 , 𝐷(3000)0 for region 3

Region 4 

- One additional 𝐾± is around the signal candidate. Used for modeling 

ഥ𝑩 → 𝑫+(𝑿𝒄 → 𝝁−𝑿)(𝑿′) background

29



Ching-Hua Li                    Recent results from LHCb on charged-current decays of b-hadrons

𝑹(𝑫∗−) with hadronic 𝝉 decays – control sample

30

Control region used in this study 

Region for 𝑩𝟎 → 𝑫∗−𝑫𝒔
+, 𝑫𝒔

+ → 𝟑𝝅𝑿 background
- Selected with reverse anti-𝐷𝑠

+ BDT 
requirement for 𝐵0 → 𝐷∗−𝐷𝑠

+, 𝐷𝑠
+ → 3𝜋𝑋

background study 

Region for 𝑩 → 𝑫∗−𝑫𝟎𝑿 𝑩 → 𝑫∗−𝑫+𝑿 background
- Selected with isolation tool and reverse

PID requirement

PRD 108 (2023) 012018 Erratum

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
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Background sources in 𝑩− → 𝑫∗∗𝟎𝝉−ഥ𝒗𝝉 study

31

PRL 135 021802

https://journals.aps.org/prl/abstract/10.1103/rj9h-n4w1
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Selections of 𝑩− → 𝑫∗∗𝟎𝝉−ഥ𝒗𝝉

32

Dataset : 9 fb-1 Run 1 & 2 data

Select signal with 

- Trigger and pre-selection requirements

- Flight distance requirement on the 𝜏− for

𝐵 → 𝐷∗∗0𝜋−𝜋−𝜋+(𝑋) suppression

Three multivariate BDTs to reject

- Fake 𝐷∗∗0 candidates

- Background 𝐷1,2
∗∗0 → 𝐷∗+𝜋−

where 𝜋− from 5-prong 𝐷𝑠
+ decay

- 𝐷𝑠
+ → 𝜋+𝜋−𝜋+(𝑋) mimicking hadronic 𝜏+decay 

(denoted as anti-𝐷𝑠
+ BDT)

Mass distribution of 𝐷∗∗0 → 𝐷∗+𝜋− in data
after all the selections. To have more statistics
for better investigation, the plot is fit without 
anti-𝐷𝑠

+ BDT requirements.

PRL 135 021802

https://journals.aps.org/prl/abstract/10.1103/rj9h-n4w1
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Signal yield extraction

33

3D Binned fit to extract the yields
- ∆𝑚 = 𝑚𝐷∗∗0 −𝑚𝐷∗+

- anti-𝐷𝑠
+ BDT output

- 𝑞2 = (𝑝𝐵0 − 𝑝𝐷(∗))2 = 𝑚2 of 𝜏− ҧ𝑣𝜏 system

Signal templates from simulation 
- Combined 𝐷1(2420)

0 and 𝐷2
∗(2460)0 template

- Relative size of 𝐷1(2420)
0, 𝐷1

′(2400)0 and

𝐷2
∗(2460)0 are fixed in simulation.

Backgrounds templates from simulation and 
control samples 123 ± 23 𝐵− → 𝐷1,2

∗∗0𝜏− ҧ𝑣𝜏 candidates

220 ± 34 𝐵− → 𝐷∗∗0𝜏− ҧ𝑣𝜏 candidates

PRL 135 021802

https://journals.aps.org/prl/abstract/10.1103/rj9h-n4w1
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Signal selection of 𝜦 → 𝒑𝝁−ഥ𝒗𝝁
study

34

Select signal based on kinematic variables:

LHCb-PAPER-2025-030 
(in preparation)

Where
𝑝+: 𝑝 𝑜𝑟 𝜋+

𝑝−: ҧ𝑝 𝑜𝑟 𝜋−

Derive Ԧ𝑝ഥ𝒗𝝁 using 𝛬 flight direction,

Ԧ𝑝𝜇− , Ԧ𝑝𝑝 and 𝑚𝛬

https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
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Systematic uncertainties in 𝜦 → 𝒑𝝁−ഥ𝒗𝝁 study
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LHCb-PAPER-2025-030 
(in preparation)

https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf
https://cds.cern.ch/record/2936210/files/LHCb-PAPER-2025-030-1CWR.pdf

