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Motivation

Talk by Thomas Browder

𝑅𝐷∗
𝐸𝑥𝑝

= 0.316 ± 0.016 ± 0.010

𝑅𝐷
𝐸𝑥𝑝

= 0.397 ± 0.040 ± 0.028

𝑅𝐷∗
𝑆𝑀 = 0.252 ± 0.003

𝑅𝐷
𝑆𝑀 = 0.300 ± 0.008

Combined significance 
of the deviation : 4𝜎

ICHEP 2016



The Kinematics

ℳ = 𝐷(∗)(𝑝𝐷(∗) , 𝑚𝐷 ∗ ) ℋℎ𝑎𝑑 𝐵(𝑝𝐵, 𝑚𝐵) × 𝑀𝑙𝑒𝑝

• Parameterise the hadronic part with form factors

• Form factors calculated either in lattice or in 
Heavy Quark Effective Theory.

𝑞 = 𝑝𝐵 − 𝑝𝐷(∗) 𝑞2 : invariant mass of the 
leptonic state

𝒑𝑩

𝒑𝑫(∗)

𝒒



Observables
Branching Ratio

𝑅𝐷 & 𝑅𝐷∗

Tau Polarisation Forward-Backward Asymmetry



Summary of  
Experimental Results

& 
Theoretical Predictions

New Measurement

No discrepancy

Discrepancy only in tau

First measurement



𝐵 → 𝐷 Form Factors: Definition



𝐵 → 𝐷 Form Factors: Plot

MILC collaboration arXiv:1503.07237 

𝐹0

𝐹+



𝐵 → 𝐷∗ Form Factors: Definition



𝐵 → 𝐷∗ Form Factors: Plot

• Used Heavy Quark Effective Theory
arXiv:1309.0301 [hep-ph]



Operator Basis

• Only take these! 

• Consistent with the SM gauge 
symmetry

• Tensor operators not 
taken in the account 

• (Appears in the appendix)
• Not taken into account 

SM:
𝐶𝑉𝐿 = 1
𝐶𝐴𝐿 = −1



Independence of  𝑅𝐷 and 𝑅𝐷∗

𝐵 → 𝐷 𝐵 → 𝐷∗

𝐵 → 𝐷∗

𝐵 → 𝐷

𝐵 → 𝐷∗

𝐵 → 𝐷 𝐵 → 𝐷∗

• 𝑅𝐷 & 𝑅𝐷∗ are independent observations 

• Attempt to explain one at a time



Explaining 𝑅𝐷

𝐶𝑉𝐿𝐶𝑆𝐿+𝐶𝑆𝐿−

• 𝑅𝐷 dependent on : 𝐶𝑉𝐿
𝜏 and 𝐶𝑆𝐿

𝜏

1𝜎

2𝜎



Binned 𝑅𝐷 : Prediction

𝐶𝑉𝐿 𝐶𝑆𝐿



Tau Polarisation and FB Asymmetry 



Explaining 𝑅𝐷∗

𝐶𝑉𝐿
𝜏 𝐶𝐴𝐿

𝜏 𝐶𝑃𝐿
𝜏

• 𝑅𝐷∗ dependent on : 𝐶𝑉𝐿
𝜏 , 𝐶𝐴𝐿

𝜏 and 𝐶𝑃𝐿
𝜏



Binned 𝑅𝐷∗ : Prediction

• Note the value in the last bin!

𝐶𝑉𝐿
𝜏 𝐶𝐴𝐿

𝜏 𝐶𝑃𝐿
𝜏



• Belle measurement plotted – projection at 20 ab−1
arXiv:1608.06391

Tau Polarisation and FB Asymmetry 



• Can differentiate between 
the different Wilson 
coefficients

• Urged experimentalists to 
make this measurement

Differentiating 
Between the 

Scenarios



Summary

• 𝑅𝐷 and 𝑅𝐷∗ - long standing anomaly with the SM

• Model independent analysis using six-dimensional operators

• Independent explanations

• 𝑃𝜏, binned RD∗ and forward-backward asymmetry: 





‘Old’ and ‘new’ operator basis



Expressions: 𝐵 → 𝐷



Expressions: 𝐵 → 𝐷∗



Expressions: 𝐵 → 𝐷∗ (contd.)



Errors in 𝐵 → 𝐷 Formfactors



HQET Parameterisation

𝑧 =
𝜔 + 1 − 2

𝜔 + 1 + 2



Both decays simultaneously

• Choose the 𝐶𝑉𝐿 − 𝐶𝐴𝐿 plane

𝐶𝑉𝐿 = −𝐶𝐴𝐿 ≈ 1.07

To explain both, need

OP: 
𝑔𝑁𝑃
2

Λ2  𝑐𝛾𝜇𝑃𝐿𝑏 [ ℓ𝛾𝜇𝑃𝐿𝜈ℓ]

⇒ Λ ≈ 𝑔𝑁𝑃 × 2.25 TeV


