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  b→c Decay Process
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Flavor changing charge current

Semi-leptonic weak decay process

B-meson decay process b-baryon decay process

      e.g.     � → �, � → �∗

                 �∗ → �, �∗ → �∗

                 ��
(∗) → ��

(∗)

              e.g.     �� → ��

  �� → ��   
...  

|���|, R(D), R(�∗)       |���|, R(��)



  |�c�| Puzzle 

 |�푐�| =  39.1 ± 0.5 × 10−3

|�푐�| =  42.16 ± 0.51 × 10−3 
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Exclusive process

Inclusive process

Approximately 4σ deviation

[ Belle II 2023, arXiv:2310.01170 ]
[ HFLAV 2021, PHYSICAL REVIEW D 107, 052008 (2023) ]



  R(D) Anomaly

� � ≡
� B → ��ν� 
� � → ��ν� 
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Experimental result:

� � = 0.357 ± 0.029

  SM prediction:
  � � = 0.298 ± 0.004

Approximately 2σ deviation

[ HFLAV 2023 ]



  R(��) Anomaly
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� �� ≡
� �� → ���ν� 
� �� → ���ν� 

Approximately 1.4σ deviation

� ��  calculated in different theories

[PRL 128, 191803 (2022)]

Method � �� Referece

LQCD 0.333 ± 0.013 [PRD 92, 034503 (2015)]

LCSRs 0.274−0.005
+0.009 or 0.239−0.021

+0.070

0.268 ± 0.015
[EPJC 82, 10, 951 (2022)]

[Chin.Phys.C 46, 11, 113107 (2022)]

QCDSRs 0.31 ± 0.11  [Phys.Rev.D 97, 7, 074007 (2018)]

HQET 0.324 ± 0.004  [Phys.Rev.Lett. 121 (2018) 20, 202001]

LFQM 0.28 [EPJC 79, 6, 540 (2019)]
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   Definitions and Conventions   

2023-10-19 9

Form factors :

Power counting :

[Phys.Rev.D 86, 079901 (2012)]

where �2 =  � − �’ 2, �± =  ��� ± ��푐 
2 − �2

�(1) �(�) �푐~�( �),   � = �푄��/��



  Correlation Function

In Euclidean space, �’2 < 0

In large recoil region, �2 → 0

Perform OPE  
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Correlation function in quark level 

where  Heavy to light weak current 

Leading-power �� interpolating current  

[JHEP 02 (2016) 179]

Tree level 

where  



  Correlation Function
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One- loop diagrams Method of regions

Hard function → gluon is hard

where



  Correlation Function
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One- loop diagrams Method of region
Jet function → gluon is hard-collinear

where

Factorization result



  Light-Cone Sum Rules
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Correlation function in hadronic level 

Dispersion relation 

Quark-hadron duality ansatz 

effctive threshold �0 

Borel transformation 

Borel mass �2 
 [hep-ph/0010175]



  Total result
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Resummation for hard function

Resummation improved form factors 

solve RGEs 

[Eur.Phys.J.C 71 (2011) 1818]
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  Input parameters
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  �b LCDAs
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Three-parameter model

Three parameters at �0 = 1퐺�� satisfy

[JHEP 07 (2018) 154]



  Dependence of parameters
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   Power correction and Radiative correction
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Power correction in � → �

3-particle contribution is too small 
compared to others.

2-particle high-twist contribution gives 
the largest contribution.

Total power correction is 20%.

Radiative correction in �� → ��

NLL hard function correction is larger 
than NLL jet function correction.

NLL correction is 17%



   Form factors in entire momentum region
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BGL (BCL) parameterization

LCSR reduce the uncertainty of form factors significantly 

include ��
(∗) → ��

(∗) form factors  the strong unitarity bound

[Phys.Rev.D 92 (2015) 3, 034503]
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|�c�|

Fitting results

Differential decay width



  R(D) and R(��) in SM
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  Summary and Prospect
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Conclusions

� → � NLP correction is 20% and �� → �� NLL correction is 17%

Joint fitting LCSR results in large recoil and LQCD in small recoil,

we get the most reliable and accurate form factors in SM

Improve the accuracy of |�c�|,R(D),R(��), �퐹�
�  signifiacntly

Outlook

Precision calculation of �� LCDAs 

 Appropriate  fittting methods



Thanks for your attention!
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  Forward-backward asymmetry
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[JHEP08(2017)131 ]

[BELLE 2301.07529 ]


