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Right-handed Current and Vcb puzzle

• Experiments + Theory

• Marginally consistent with each other

3P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update.

Inclusive               vs              Exclusive

Theory method

Heavy quark effective theory

+ Operator product expansion

+ Dispersion relation

Heavy quark effective theory, 

Lattice QCD, factorization 

approach, sum rules or … on form 

factors

Experiments B→Xcℓν
B→Dℓν

B→D*ℓν

Value of |Vcb| (42.2±0.8)×10-3 (39.5±0.9)×10-3



Right-handed Current and Vcb puzzle

• Improve the theory calculations and determinations of experiment or New Physics

• Right-handed Vector Current

• Un-binned Angular Analysis

4A. Crivellin and S. Pokorski, Phys. Rev. Lett. 114, no.1, 011802 (2015)



<gi> Functions

• Weak effective Hamiltonian:

where
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关于轻子普适性

E. Waheed et al. [Belle], Phys. Rev. D 100, no.5, 052007 (2019) 



<gi> Functions
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关于轻子普适性



<gi> Functions

where

• Separating full w range into 10 bins

• Integration by different w interval

• Normalization factor
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<gi> Functions

where

• 11 normalized functions, in which the overall factor is canceled such 
like |Vcb|.

• Can be determined in future experiments.
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χ2 Fit and Pseudo-Experimental Data

where                                                            for CLN parameterization

or                                                      for BGL parameterization 
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χ2 Fit and Pseudo-Experimental Data

• CLN:                                                          BGL:

• Values of CLN and BGL parameters come from Belle’ 18.

• Total number of events: ~ 95000
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Sanity Check

• CLN:                                                  BGL:

• Errors of form factors ~50% smaller partially due to the un-binned analysis.
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Sensitivity to the CVR

• Real CVR with CLN, R1(1) at a 4% precision:

• The CVR can be determined at a 2.1% precision.

12T. Kaneko et al. [JLQCD], PoS LATTICE2019, 139 (2019)



Sensitivity to the CVR

• Real CVR with BGL, hV(1) at a 7% precision :

• The CVR can be determined at a 3.79% precision.

• We get the result without knowing the value of Vcb.
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Sensitivity to the CVR

• Forward-Backward Asymmetry:

• As good as the former case, the BGL’s situation is similar.

• Besides, Im(CVR) can be determined at a 0.7 % precision, both for CLN and 
BGL.
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Summary and Conclusions

• We investigated an application of the un-binned angular analysis of the B→D*ℓν decay to 
search for the right-handed contributions.

• We introduced the 11 normalized <gi> angular functions, in which the overall factor including 
𝑉𝑐𝑏 is canceled. Therefore the right-handed contributions can be determined by circumventing 
the 𝑉𝑐𝑏 puzzle.

• The vector form factor is necessary for the determination of the CVR.

• In the un-binned angular analysis, the real part of the CVR  can be determined at a precision of  
2-4 %, and the imaginary part of the CVR can be determined at a ~1 % precision.

• The result of using the forward-back asymmetry 𝐴𝐹𝐵 only is almost equally good as full 
analysis of <gi>. The future measurement of 𝐴𝐹𝐵 will be particularly useful for constraining 
CVR.

15Thank you!


