
 arxiv : 2208.05923 

In Collaboration with Suman Kumbhakar (Univ of Montreal), Ria Sain (IIT Guwahati) 

Lepton Flavor Violating  𝑩 → 𝑲𝟐∗𝝁±𝝉∓ Decays 
 

Juhi Vardani 

IIT Jodhpur 

Vietnam Flavour Physics Conference 2022 

1 

 

 
 

 

https://indico.in2p3.fr/event/20329/


• The two fold distribution for 𝑩 → 𝑲𝟐∗ → 𝑲𝝅 𝒍𝟏+𝒍𝟐− will be :  

 

Plan of Talk : 

  Motivation  

 

  Angular analysis of 𝐵 → 𝐾2∗𝑙1+𝑙2 − 𝑑𝑒𝑐𝑎𝑦 
 

  U1 Leptoquark Model 

 

  Results 
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B anomalies: 

𝑅𝐾(∗) = 𝐵 → 𝐾(∗) 𝜇+𝜇−𝐵 → 𝐾(∗) 𝑒+𝑒− 𝑅𝐷(∗) = 𝐵 → 𝐷(∗) τ 𝜗𝐵 → 𝐷(∗) 𝑙𝜗  

LHCb  Nature Phys. 18 (2022) 3, 277-282 LHCb , PRL 127 (2021) 15, 151801 
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Theoretical Analysis 

• The decay amplitude for 𝑩 → 𝑲𝟐∗ 𝒍𝟏+𝒍𝟐−  consists of both short and long distance physics. 

• The new physics effective Hamiltonian for the  𝑏 → 𝑠𝑙1+𝑙2−  transition  is : 

𝑯𝒆𝒇𝒇 = −𝜶𝒆𝒎𝑮𝑭𝟐𝝅 𝑽𝒕𝒔∗ 𝑽𝒕𝒃  (∁𝒊(µ)𝓞𝒊(µ) + ∁𝒊′(µ)𝓞𝒊′(µ))𝒊=𝑽,𝑨,𝑺,𝑷  

Where ∁𝑖(′)(i=V,A,S,P) are new physics coupling coefficients and  𝒪𝑖(′)  𝑎𝑟𝑒 ∶ 
 𝓞𝑽(′) = [ 𝒔  𝜸𝝁𝑷𝑳(𝑹)𝒃][𝒍𝟐𝜸𝝁𝒍𝟏]               𝓞𝑨(′) = [ 𝒔  𝜸𝝁𝑷𝑳(𝑹)𝒃][𝒍𝟐𝜸𝝁𝜸𝟓𝒍𝟏] 
 𝓞𝑺(′) = [ 𝒔  𝑷𝑳(𝑹)𝒃][𝒍𝟐 𝒍𝟏]                        𝓞𝑷(′)= [ 𝒔  𝜸𝝁𝑷𝑳(𝑹)𝒃][𝒍𝟐𝜸𝟓𝒍𝟏]  
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• The two fold distribution for 𝑩 → 𝑲𝟐∗ → 𝑲𝝅 𝒍𝟏+𝒍𝟐− will be :  

 

Form Factor :  

The matrix elements are parametrized by the following form factors: 

  

PhysRevD.83.014008(2010) 
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Angular Analysis 

The two fold distribution for 𝑩 → 𝑲𝟐∗ 𝒍𝟏+𝒍𝟐− will be :  
 𝒅𝟐𝜞𝒅𝒒𝟐 𝒅 𝐜𝐨𝐬 𝜽ℓ  = A (𝒒𝟐) + B (𝒒𝟐) 𝒄𝒐𝒔𝜽ℓ + C (𝒒𝟐) 𝒄𝒐𝒔𝜽ℓ𝟐 

Here 𝑚±= (𝑚1 ±𝑚2)  , 𝛽± = 1 − 𝑚1±𝑚2𝑞2  

PhysRevD.93.054008(2016) 
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Observables  

• The two fold distribution for 𝑩 → 𝑲𝟐∗ 𝒍𝟏+𝒍𝟐− will be : 

 

                                       
𝒅𝟐𝜞𝒅𝒒𝟐 𝒅 𝐜𝐨𝐬 𝜽ℓ  = A (𝒒𝟐) + B (𝒒𝟐) 𝒄𝒐𝒔𝜽ℓ + C (𝒒𝟐) 𝒄𝒐𝒔𝜽ℓ𝟐 

 

 

• Integrating over the angle 𝜃𝑙 gives differential branching ratio 

 𝒅𝑩𝒅𝒒𝟐 = 𝟏𝜞𝒕𝒐𝒕𝒂𝒍 𝟐 𝑨 𝒒𝟐 + 𝟐𝟑  𝑪 (𝒒𝟐)  

 

• Normalized forward-backward asymmetry   𝐴𝑓𝑏(𝑞2)     =     
 𝒅 cos 𝜃𝑙 𝒅𝚪𝒅𝒒𝟐𝒅 cos 𝜃𝑙 − 𝒅 cos 𝜃𝑙 𝒅𝚪𝒅𝒒𝟐𝒅 cos 𝜃𝑙 𝟎−𝟏𝟏𝟎 𝒅 cos 𝜃𝑙 𝒅𝚪𝒅𝒒𝟐𝒅 cos 𝜃𝑙+ 𝒅 cos 𝜃𝑙 𝒅𝚪𝒅𝒒𝟐𝒅 cos 𝜃𝑙 𝟎−𝟏𝟏𝟎  

                                                                                                            𝑨𝒇𝒃(𝒒𝟐) = 𝑩 𝒒𝟐𝟐 𝑨 𝒒𝟐 +𝟐𝟑 𝑪 (𝒒𝟐) 
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Vector Leptoquark Model 

The interaction Langrangian between the 𝑈1 Leptoquark (LQ) and Standard Model (SM) fermion is: 

                                                                 𝓛𝑼𝟏𝟐/𝟑 =𝒉𝑳𝒊𝒋𝑸 𝒊𝑳𝜸𝝁𝑳𝒋𝑳𝑼𝟏𝝁 + 𝒉𝑹𝒊𝒋𝒅 𝒊𝑹𝜸𝝁𝒍𝒋𝑹𝑼𝟏𝝁+ h.c. 

       Here : ℎ𝐿,𝑅𝑖𝑗  is LQ couplings , 𝑄𝐿 𝐿𝐿  is the SM left –handed quark (lepton) doublet &  𝑑𝑅 𝑙𝑅  is right -handed down 

quark (lepton)  singlet.   
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New Physics Analysis 

• The SM  Wilson Coefficient for 𝑏 → 𝑠𝑙𝑖+𝑙𝑗− and for b→ 𝑐𝑙𝑖𝜗𝑗  , ∁𝒏𝒊𝒋=0 for i≠ 𝑗 
 

• The New Physics (NP) Wilson Coefficient for 𝑏 → 𝑠𝑙𝑖+𝑙𝑗−  transition in the presence of 𝑈12/3 LQ will be 

  

            ∁𝑽𝒊𝒋= −𝑪𝑨𝒊𝒋 =  
𝝅𝒉𝑳𝟐𝒊𝒉𝑳𝟑𝒋∗𝟐  𝑮𝒇𝑽𝒕𝒔∗ 𝑽𝒕𝒃𝑴𝑼𝟐  

 

• Whereas for b→ 𝑐𝜏𝜗  
    ∁𝑽𝑳=  

𝟏𝟐 𝟐 𝑮𝒇𝑴𝑼𝟐 𝒉𝑳𝟑𝟑∗[𝒉𝑳𝟑𝟑 + 𝑽𝑪𝑺𝑽𝑪𝒃 𝒉𝑳𝟐𝟑] 
 

 

• We are working with ℎ𝑅𝑖𝑗 = 0, 𝑀𝐿𝑄 = 1𝑇𝑒𝑉 
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Observable Table : 

 

 

Sector  
 

    Observable 
 

  Measurement 

   𝑏 → 𝑠𝜇+𝜇− 

 

    All 𝑏 → 𝑠𝜇+𝜇−   𝐶9𝜇𝜇= − 𝐶10𝜇𝜇= -0.49±0.07 

 

 

 

 b → cτ𝜗  𝑅𝐷 

 𝑅𝐷∗  

      

                        𝑅𝐽/𝜑 

 

 0.340± 0.027± 0.013 

 

      0.295±0.011 ± 0.008 

 

  0.71 ± 0.17 ±0.18 

 

 

 

 

 LFV 

B(𝐵+ → 𝐾+𝜏+𝜇−) 

 

B(𝐵+ → 𝐾+𝜏−𝜇+) 

 

B( Υ → 𝜏±𝜇∓ ) 

 

B(𝜏 → µ 𝜑 ) 

 

 < 2.8× 10−5 , 90% C.L. 

 

 < 4.5× 10−5 ,  90% C.L. 

 

 < 3.3× 10−6 ,  90% C.L. 

 

< 8.4× 10−8 ,  90% C.L. 
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Methodology  

• We performed  a 𝜒2- fit to fit all  𝑏 → 𝑠𝜇+𝜇−, 𝑏 → 𝑐𝜏𝜗 and Lepton Flavor Violating observables to find parameter space allowed 

by current flavour data.  

                                                                                              𝝌𝟐(𝒉𝑳𝒊𝒋) = 𝓞𝒌𝒕𝒉𝒆𝒐𝒓𝒚 𝒉𝑳𝒊𝒋 −𝓞𝒌𝒆𝒙𝒑𝒕 𝟐𝝈𝒕𝒐𝒕𝒂𝒍,𝑲𝟐𝒌  
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• The two fold distribution for 𝑩 → 𝑲𝟐∗ → 𝑲𝝅 𝒍𝟏+𝒍𝟐− will be :  

 

Results:  

  Integrated maximum Branching Ratio and Forward -Backward Asymmetry(𝐴𝑓𝑏) for 𝑩 → 𝑲𝟐∗𝝁−𝝉+(at 90% confidence level) 
 𝒉𝑳𝟐𝟑. 𝒉𝑳𝟑𝟐 = 0.033  ,  Br ≤ 0.074 × 𝟏𝟎−𝟕 ,  𝑨𝒇𝒃 ≤ 𝟎. 𝟑𝟓𝟖 
 

 

 Integrated maximum Branching Ratio and Forward -Backward Asymmetry (𝐴𝑓𝑏) for 𝑩 → 𝑲𝟐∗𝝁+𝝉−(at 90% confidence level) 
 𝒉𝑳𝟐𝟐. 𝒉𝑳𝟑𝟑 = - 0.0070  ,  Br ≤ 0.329 × 𝟏𝟎−𝟕 ,  𝑨𝒇𝒃 ≤ −𝟎. 𝟏𝟐𝟐 
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• The two fold distribution for 𝑩 → 𝑲𝟐∗ → 𝑲𝝅 𝒍𝟏+𝒍𝟐− will be :  

 

 
Results:  
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𝑞2(𝐺𝑒𝑉)2 𝑞2(𝐺𝑒𝑉)2 
The plots on the left and right panels represent the differential branching ratio and the forward-Backward asymmetry (𝐴𝑓𝑏) as a 

function of 𝑞2. 



• The two fold distribution for 𝑩 → 𝑲𝟐∗ → 𝑲𝝅 𝒍𝟏+𝒍𝟐− will be :  

 

Summary  

• The measurements of the lepton flavor universality violation in semileptonic b→ s and b → 𝑐 transitions hint towards 

a possible role of NP in both sectors. 

 

•  Motivated by these anomalies, we investigated the lepton flavor violating B→ 𝐾2∗(1430)𝜇±𝜏∓ decays. 

 

• These decays are forbidden in the SM and hence any hint of these decays would imply a smoking gun signal of  BSM. 

 

• We calculate the two-fold angular distribution of this decay in the presence of vector, axial-vector, scalar and pseudo-

scalar new physics. 

 

• We calculated the upper limit for Branching Fraction and Forward Backward Asymmetry for this decay in 𝑈12/3 LQ 

Model. 
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Thank You 
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• The two fold distribution for 𝑩 → 𝑲𝟐∗ → 𝑲𝝅 𝒍𝟏+𝒍𝟐− will be :  

 

Backup : Transversity Amplitude 
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• The two fold distribution for 𝑩 → 𝑲𝟐∗ → 𝑲𝝅 𝒍𝟏+𝒍𝟐− will be :  

 

Leptoquark (LQ)  

• LQ are hypothetical particle couple to  both quark and lepton. 

• LQ carries  SU(3) color, fractional electric charge, baryon (B) and lepton (L) numbers. 

• LQ are classified by  Fermion number, spin and charge. 

• As fermion number (F) = 3B+L  for LQ it can be 0,2. 

• LQ can have spin zero (Scalar) or spin one (Vector). 

• Charge can have ± 13, ± 23,  −43 , 
−53  . 

• 𝑈12/3 LQ can mediate both  charge and neutral current interactions. 
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• The two fold distribution for 𝑩 → 𝑲𝟐∗ → 𝑲𝝅 𝒍𝟏+𝒍𝟐− will be :  

 

LeptoQuark (LQ) 
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