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Outline 



Tree-level decays b → cνℓ: 

abundant 

very well known in the SM 

• violation of the lepton universality  

in tau sector 

Semileptonic decays of B meson 

Exp. data theor 



3.0 σ discreapancy 2.3 σ discreapancy 

Semileptonic decays of B meson 

Exp. data theor Exp. data theor 



Combined data of RD & RD*  

• (One of ) the largest discrepancies 
between SM and measurement 

• Up to  4.1 σ disagreement 



Loop-level decays b → sℓ+ℓ-: 

forbidden at tree-level in SM 

sensitive to NP contributions in loops 

Rare decays of B meson 



 3.4 σ 

 

 

 

~ 3 σ 

 

*Phys.Rev.Lett. 111 (2013) 191801 

Rare decays of B meson 



ATLAS measurement differs by 2.7σ from the SM prediction. 

 

CMS results are consistent with SM prediction and other 

measurements 

Angular observables 



*J. Matias, Phys. Rev. D 86 (2012) 094024 

𝑁𝑒𝑤 𝑝ℎ𝑦𝑠𝑖𝑐𝑠 𝑖𝑛  b → s transition  



  

~ 3.1 σ 
 

*SM ~ Eur.Phys.J. C75 (2015) 382 &  JHEP 1608 (2016) 098  

*R. Aaij et al. (LHCb Collaboration)  JHEP 09 (2015) 179 
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Combination of R
K*

 , R
K
 and [PRL 118 (2017) 111801] is ~4s from SM 
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Experimental data 



*R. Aaij et al. Phys.Rev.Lett. 120 (2018) 121801   

  

Semileptonic decays of Bc meson 



Branching ratios of semileptonic 𝐵𝑐 decays 

* A. Issadykov, Mikhail A. Ivanov, G. Nurbakova, EPJ Web Conf. 158 (2017) 03002   



Branching ratios of semileptonic 𝐵𝑐 decays 

*A. Issadykov, Mikhail A. Ivanov,  Phys.Lett. B783 (2018) 178-182   



New Physics effects in semileptonic 𝐵𝑐 decays 

*C.T. Tran, Mikhail A. Ivanov, J. Körner, P. Santorelli, Phys.Rev. D97 (2018) 054014 
    



LHCb collaboration(nonleptonic):  

Nonleptonic decays of Bc meson 

*R. Aaij et al. [LHCb Collaboration], JHEP 1309 (2013) 075 

*R. Aaij et al. [LHCb Collaboration], JHEP 1609 (2016) 153 



Ratios of branching  fractions 

*A. Issadykov, Mikhail A. Ivanov,  Phys.Lett. B783 (2018) 178-182   



Ratios of branching  fractions 

*A. Issadykov, Mikhail A. Ivanov,  Phys.Lett. B783 (2018) 178-182   



Nonleptonic decays of Bc meson 



Effective Hamiltonian 

b → d transition : 

b → s transition :  



Effective Hamiltonian 



𝑬𝒇𝒇𝒆𝒄𝒕𝒊𝒗𝒆 𝑯𝒂𝒎𝒊𝒍𝒕𝒐𝒏𝒊𝒂𝒏 



Current-current diagrams 
Q 1 & Q 2 operators 

 

QCD penguin diagram 
Q 3 – Q 6 operators 

Effective Hamiltonian 



Semileptonic electroweak penguin diagrams 
Q 7 – Q 10 operators 

 

Effective Hamiltonian 



Loop-level decays b → sℓ+ℓ-: 

forbidden at tree-level in SM 

sensitive to NP contributions in loops 

b → s transition  



Matrix element of B → K∗ℓ+ℓ− transition 



Wilson coefficients 



Matrix element of B → K∗ℓ+ℓ− transition 



Matrix element of B → K∗ℓ+ℓ− transition 



𝑭𝒐𝒓𝒎 𝒇𝒂𝒄𝒕𝒐𝒓𝒔 



Diagrammatic representation of the matrix elements 



𝑭𝒐𝒓𝒎 𝒇𝒂𝒄𝒕𝒐𝒓𝒔 



b → s transition  



Schematic view of В→Kߨ + ℓ+ℓ− decay 

* A. Issadykov, Mikhail A. Ivanov, S. Sakhiyev, Phys.Rev. D91 (2015) 074007 



b-s transition matrix elements 



Branching fractions 



s-wave and p-wave contributions  

in the narrow width-limit 

*U.G. Meissner, W. Wang, JHEP 01 (2014) 107 



14 % 

~ 6 % 

Impact of s wave contribution  

* A. Issadykov, Mikhail A. Ivanov, S. Sakhiyev ,Phys.Rev. D91 (2015) 074007 



  



* 
   Our    Exp 

The values of branching fractions 

*S. Dubnicka et .al. Phys.Rev. D93 (2016), 094022 



The branching ratio 

*S. Dubnicka et .al. Phys.Rev. D93 (2016), 094022 



Condition: 

 

q2 /mb
2  < < 1 

 

q2 / (4mc )
2  < < 1 

Two-loop corrections and cc-resonance contr. 

Modify C7
eff  and С9

eff 

Areas of correction: 

 

1.1 < q2 < 5.5 ГэВ2   

 

8.8 < q2 < 22 ГэВ2 

 

*C. Greub, V. Pilipp, C. Schupbach, JHEP 12 (2008) 040 



ANGULAR OBSERVABLES AND DIFFERENTIAL BRANCHING 

*S. Dubnicka et .al. Phys.Rev. D93 (2016), 094022 



Effective Hamiltonian 

b → d transition : 

b → s transition :  



Form factors of b-d transition 



Branching ratios 



Binned branching ratios 



Binned angular observables 



Conclusion 

•  Phys.Lett. B783 (2018) 178-182  (arXiv:1804.00472) 

 

•  Phys.Rev. D96 (2017) no.7, 076017 (arXiv:1708.09607) 

 

•  EPJ Web Conf. 158 (2017) 03002 



Thank you for your attention 
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𝑹𝑲∗  



Angular observables 



Angular observables 



Angular observables 



 



 



 



 


