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ℬ 𝐵+ → 𝜏+𝜈 =
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▪ This pure leptonic B decay allows for precise tests 

of the Standard Model predictions

o Enables a clean direct experimental determination 

of 𝑉𝑢𝑏 (𝑉𝑐𝑏)

SM:  ℬ 𝐵+ → 𝜏+𝜈 = 0.93 ± 0.10 × 10−4
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▪ We aim to reconstruct the decay mode 𝜏+ → 𝜋+𝜋−𝜋+ ഥ𝜈𝜏

ℬ 𝜏+ → 𝜋+𝜋−𝜋+ ഥ𝜈𝜏 = 9.31 ± 0.05 %
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Main Challenges

▪ We cannot directly reconstruct the secondary vertex (SV):

• Only three pion tracks (TV) and the primary vertex (PV)  are 

available.

• Two neutrinos in the final state.

▪ Numerous physics processes can contribute to the background.

o Challenging hadronic environment at LHCb.
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Simulation

▪ RapidSim: 

o It is a fast Monte Carlo generator for simulation of heavy-quark hadron decays.

o Does not contain the simulation of the detectors and their response.

o Generated the decay 𝐵+ → 𝜏+ → 𝜋+𝜋−𝜋+ ഥ𝜈𝜏 𝜈 .

o Simulated 100k events.
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Different strategies to calculate SV

1. First Strategy:

o Assume Ԧ𝑝𝜈 is in the same direction as Ԧ𝑝3𝜋

o Reconstruct Ԧ𝑝𝜏 , imposing 𝑀𝜏

o Use tau decay time to calculate flight distance and get SV

o Estimate 𝐵+ corrected mass

2. Second Strategy:

o Use Machine Learning (NN) to predict SV, using RapidSim dataset

• Input variables: Ԧ𝑝𝜋+, Ԧ𝑝𝜋−,  Ԧ𝑝𝜋+, PV, TV, 𝑚3𝜋

o Estimate 𝐵+ corrected mass, with Ԧ𝑝𝜈 ∥ Ԧ𝑝3𝜋 to reconstruct Ԧ𝑝𝜏
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B corrected mass distribution

Green: assuming Ԧ𝑝𝜈 ∥ Ԧ𝑝3𝜋 and using true SV

Blue: assuming Ԧ𝑝𝜈 ∥ Ԧ𝑝3𝜋 and using tau lifetime to 

calculate SV

Orange: assuming Ԧ𝑝𝜈 ∥ Ԧ𝑝3𝜋 and using ML technique to 

obtain SV
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መ𝑓 :  tau flight direction

መ𝑓 =
𝑇𝑉 − 𝑆𝑉

𝑇𝑉 − 𝑆𝑉

Orthogonal basis

ො𝑥 = − 𝑓𝑦, 𝑓𝑥, 0

ො𝑦 = መ𝑓 × ො𝑥

Ƹ𝑧 = መ𝑓

In this orthogonal basis: 

Ԧ𝑝3𝜋
′

Ԧ𝑝𝜈
′ = −𝑝3𝜋 𝑥

′ , −𝑝3𝜋 𝑦
′ , 𝑝𝐿

′

𝑝/𝑇
′ = 𝑝3𝜋 𝑥

′ 2 + 𝑝3𝜋 𝑦
′ 2
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Background Study

▪ Minimum Bias MC 2018 (MU/MD) Sample

o Simulation that is similar to real data

▪ 1.5k events passing offline selection

o In 31% of events, the three pions decayed 

from the same particle
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Process % observed

Combinatorial Background 30.5%

𝑀𝑜𝑡ℎ𝑒𝑟 → 𝑋 → 𝜋+𝜋− 𝜋 38.2%

𝐵+ → 𝑋 → 𝜋+𝜋− 𝜋+ 7.9%

𝐷+ → 𝑋 → 𝜋+𝜋− 𝜋+ 6.4%

𝑋 → 𝜋+ 𝜋− 𝜋+ 31.3% BR

𝐷+ → 𝜋+𝜋−𝜋+ 6.1% 3.27 × 10−3

𝐵+ → 𝜋+𝜋−𝜋+ 1.4% 1.52 × 10−5

𝐷𝑠
+ → 𝜏+𝜈 0.5% → 8 ev 5.32 %

𝑩+ → 𝝉+𝝂 0.3% → 4 ev 1.09 × 10−4

𝐵0 → 𝜏+ 𝜈 𝑋 0.1% → 2 ev 1.05 %
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Background Study

▪ Minimum Bias MC 2018 (MU/MD) Sample

o Simulation that is similar to real data

▪ 1.5k events passing offline selection

o In 31% of events, the three pions decayed 

from the same particle

o 14 events involving a 𝜏 lepton

o Only 4 events of signal
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Process % observed

Combinatorial Background 30.5%

𝑀𝑜𝑡ℎ𝑒𝑟 → 𝑋 → 𝜋+𝜋− 𝜋 38.2%

𝐵+ → 𝑋 → 𝜋+𝜋− 𝜋+ 7.9%

𝐷+ → 𝑋 → 𝜋+𝜋− 𝜋+ 6.4%

𝑋 → 𝜋+ 𝜋− 𝜋+ 31.3% BR

𝐷+ → 𝜋+𝜋−𝜋+ 6.1% 3.27 × 10−3

𝐵+ → 𝜋+𝜋−𝜋+ 1.4% 1.52 × 10−5

𝐷𝑠
+ → 𝜏+𝜈 0.5% → 8 ev 5.32 %

𝑩+ → 𝝉+𝝂 0.3% → 4 ev 1.09 × 10−4

𝐵0 → 𝜏+ 𝜈 𝑋 0.1% → 2 ev 1.05 %

Signal



Background Study: 𝑫𝒔
+ → 𝝉+𝝂

▪ We generated 100k events of 𝐷𝑠
+ → 𝜏+𝜈 

using RapidSim.

▪  Applied the same strategy: only 20k events 

passed the selection.
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𝑩𝑫𝒔



Conclusions

▪ We propose to measure the branching fraction of the 𝐵± → 𝜏+𝜈 process.

▪ We found a strategy that solves the kinematics in our signal.

▪ There are a lot of processes that will contribute as background

o Already showed that the strategy allows to separate 𝐷𝑠
+  −> 𝜏+ 𝜈 and the signal.

Next Steps:

o Test the strategy on Full LHCb MC simulation.

o Design a strategy to separate the signal from the background.
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Thank you for your attention!
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LHCb Experiment

▪ Located at the Large Hadron Collider (LHC) at CERN.

▪ Proton-proton collisions at 13 TeV.

▪ Single-arm forward spectrometer covering 2 < 𝜂 < 5 .

▪ Tracking: VELO, a high-precision tracking system (TT, T1, T2, 

T3); 

▪ Particle Identification: RICH; ECAL, HCAL, Muon stations.
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Efficiency of the Stripping line

▪ The stripping line has an efficiency of 0.84 ± 0.42 %

▪ Taking into account the LHCb 𝐵+ production cross section and the decay branching fraction:

Total amount of 𝐵+ in Run 2:  1.17 ± 0.09 × 1012

Expected amount of signal in Run2: 1.27 ± 0.30 × 108

Expected amount of signal after stripping: 1.1 ± 0.6 × 106
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Proof: First strategy – neutrino aligned with 3pi



Machine Learning Model for SV Reconstruction

• Algorithm and Model Architecture:

• Neural network for regression

• Architecture:

• Input layer: Xtrain_scaledXtrain_scaled  features

• Hidden layers: 2 layers with 64 neurons each, ReLU activation

• Output layer: 3 neurons, linear activation (for 3 coordinates)

• Data Processing:

• Input features scaled using StandardScaler

• Training Details:

• Optimizer: Adam

• Loss Function: Mean Squared Error (MSE)

• Validation Split: 20%

• Epochs: 100

• Batch Size: 32

• Performance Evaluation:

• Model evaluated on test data

• Predictions:

• Model predicts three coordinates for the secondary vertex
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Proof: conditions from strategy
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መ𝑓 :  flight direction

መ𝑓 =
𝑇𝑉 − 𝑆𝑉

𝑇𝑉 − 𝑆𝑉

Orthogonal basis

ො𝑥 = − 𝑓𝑦, 𝑓𝑥, 0

ො𝑦 = መ𝑓 × ො𝑥

Ƹ𝑧 = መ𝑓

In this orthogonal basis: 

Ԧ𝑝3𝜋
′

Ԧ𝑝𝜈
′ = −𝑝3𝜋 𝑥

′ , −𝑝3𝜋 𝑦
′ , 𝑝𝐿

′

𝑝/𝑇
′ = 𝑝3𝜋 𝑥

′ 2 + 𝑝3𝜋 𝑦
′ 2



Proof: conditions from strategy
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Distance SV true – SV predicted
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Background Study: 𝑫𝒔
+ → 𝝉+𝝂

Difference between SV TRUE and SV 

predicted by the strategy
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Full Simulation
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Preliminary Full Simulation
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