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I Introduction: Semitauonic B decays
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Decays of B mesons to D/D* mesons: 
 B → D(*)τ ν
  τ → hν, or l νν • Sensitive to new physics amplitudes

• Large numer of observables
• Good theoretical tools, precise predictions
• Experimentally challenging

B

D/D*

τ
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Standard Model prediction:

R(D*)SM = 0.254 ± 005
R(D)SM = 0.298 ± 0.004

Experimental average:

R(D*) = 0.284 ± 0.013
R(D) = 0.356 ± 0.029

Combined R(D) and R(D*) measurements 
in tension (~3σ) with the Standard Model 
prediction
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[M. Tanaka, R.Watanabe, New physics in the weak interaction of 
B → D(∗)τν]



I Introduction: Semitauonic B decays

[PRL118, 211801 (2017) PRD97, 012004 (2018)] [Belle Collab. 1903.03102 [hep-ex] (2019)]

R(D*) = 0.270 ± 0.035 (stat) ± 0.030 (syst)
Pτ = -0.38 ± 0.51 (stat) ± 0.20 (syst)

Combined R(D*) and Pτ result consistent with the SM 
prediction within 0.6σ

FL
D*= 0.60 ± 0.08 (stat) ± 0.04 (syst)

Consistent with SM prediction within 1.5σ 
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II Belle (II) Experiment
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The Belle II experiment:
• a particle physics experiment designed to study the properties of B mesons
• operates at the SuperKEKB accelerator complex at KEK in Tsukuba, Japan
• successor to the Belle Experiment, that operated in 1999-2010.



II Experimental facility / Belle II Detector
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Multifunctional detection system composed of different types of sub-detectors:
• Particle identification
• Track reconstruction
• Vertexing



II B-meson production at Belle (II)

𝑠 = 𝐸𝑒+ + E𝑒− = 𝑀Υ(4𝑆) 

Beam energies precisely tunned to Υ(4𝑆) mass:
Ԧ𝑝𝐵(𝑠𝑖𝑔) = − Ԧ𝑝𝐵 𝑡𝑎𝑔

Momentum conservation in two-body Υ(4𝑆) decay:
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𝑒+𝑒− → Υ 4𝑆 → 𝐵 ത𝐵

On-resonance B-meson pair production Kinematical constraints



III Analysis strategy: kinematic variables

𝑞2 = (𝑝𝐵−𝑝𝐷∗)2 Four-momentum transfer squared

𝜃ℎ𝑒𝑙(𝐷∗) Angle between D-meson and B-meson
in D* rest frame

D* polarisation can be extracted from experimental data:

1

𝛤

𝑑𝛤

𝑑𝑐𝑜𝑠𝜃ℎ𝑒𝑙(𝐷∗)
= 

3

4
(2𝐹𝐿

𝐷∗
𝑐𝑜𝑠2 𝜃ℎ𝑒𝑙 𝐷∗ + 1 − 𝐹𝐿

𝐷∗
𝑠𝑖𝑛2𝜃ℎ𝑒𝑙 𝐷∗ ]

Kinematic variables available experimentally at B factories:
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We need signal B-meson momentum Ԧ𝑝𝐵 𝑠𝑖𝑔  to reconstruct 
these.



III Analysis strategy: event reconstruction
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𝜏

𝐷∗

𝜐

𝐵tag𝐵𝑠𝑖𝑔

𝐷

𝜋

Reconstruct Bsig candidates
A clean signature from {D*, ℓ/h} pairs

1 2
Combine remaining tracks and clusters to form Btag candidate
Use beam-constrained variables to identify correct candidates

[A. Matyja et al., Observation of B0 → D∗−τ+ντ decay at Belle]

Ԧ𝑝𝐵(𝑠𝑖𝑔) = − Ԧ𝑝𝐵 𝑡𝑎𝑔



IV Results: Monte Carlo samples

19.04.2024 Mateusz Kaleta | Students' Seminar 2023 12

Calculations from: [M. Tanaka, R. Watanabe. Phys.

Rev. D 87, 034028]

Generated samples:
• Standard Model: Ci = 0
• 2HDM: CS1=-3.7



IV Results: Monte Carlo samples
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cosθhel(D∗) (SM)                cosθhel(D∗) (2HDM)

Generated cosθhel(D
∗) distributions for two models: SM and 2HDM:

• FL(D*)SM = 0.45
• FL(D*)2HDM = 0.53



IV Results: acceptance effects
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Generated (solid line) vs. reconstructed (points) q2 and cosθhel(D*) 
distributions for Belle geometry, assuming Standard Model decay 
dynamics.

Decay channel:
B0 → D∗+τ−ντ

D∗+ → D0π+

τ− → ℓ¯νℓντ



IV Results: efficiency map
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Pick four variables that characterize the decay and 
can be reconstructed experimentally. Construct 4D 
histograms (generated and reconstructed) in these 
variables:

• cosθhel(D*) – cosine helicity angle D*
• q2 – four-momentum transfer squared
• Ed - normalized τ daughter energy
• cosθd – τ daughter polar angle

Fig. 1D projections of 4D histograms: generated (black) and 
reconstructed (red)



III Results: efficiency map
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Create a 4D efficiency map by dividing 
reconstructed histograms by generated 
ones:

• Nijkl – numer of events per bin
• Ntot – total numer of events

Fig. 1D projections of 4D efficiency map



IV Results: reweighting
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Reweight reconstructed distributions using wijkl to 
recover generated observables

Fig. Generated (red) and reconstructed + reweghted distributions 
(blue). Plots made on independent sample generated with non-SM 
decay dynamics (2HDM)



IV Results: detector resolution
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So far detector resolution not considered in the analysis (true Monte-Carlo kinematics used for reconstructed events)

Fig. Distributions (true - reconstructed) of q2 and cosθhel(D
∗). Plot generated for Belle geometry, with 

Standard Model decay dynamics. Mtag > 5.27GeV.



V Summary
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● Semitauonic B-meson decays are rich in observables experimentally accessible 

at B Factories

● Combined analysis of observables such as R(D*), FL
D* can increase our 

understanding about the dynamics of the decay

● Using data from Belle and the ongoing Belle II experiment we can improve the 

sensitivity of previous measurements
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