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Need of New Physics in 
 

 Rare leptonic  decays are highly suppressed in the Standard Model (SM). 
 

 The branching ratio of  is measured experimentally but the branching ratio values for  and  
channels are not be measured till now (only the upper limits are predicted).

 

 According to the SM the branching ratio for  is predicted as  where as the experimental value is set 
as [2]. But there are huge discrepancies in order of branching ratio values for the other two 
channels and here we need to introduce the New Physics (NP).   

 

 NP is allowed to contribute at tree level by  mediated  decay.  boson couples to flavour-changing 
part  as well as to  [1].  

 

1. Q. Chang, X. Li and Y. Yang, Family Non-universal  effects on  mixing,  and  Decays, JHEP  02, 082 (2010).  3



Theoretical Framework

 Within the SM, the effective Hamiltonian for purely leptonic  decay is given as [3]  

    ………..(1)
 

 This Hamiltonian is modified with the approximations for the non-universal  couplings. Here we 
include  coupling as  and the right handed and the left handed  couplings as  and  respectively. 

 

 After modification the effective Hamiltonian in  model has expression as,  

       ………..(2) 
 

3. G. Buchalla, A. J. Buras and M. E. Lautenbacher, Rev. Mod. Phys. 68, 1125 (1996).
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 The SM effective Hamiltonian for rare  decay at  scale is given by, 

     ……….(3)
 

 Here we choose the operators as [4],  

 As  and  are the electro-weak operators, so the modification in  model is done on the Wilson co-
efficients  and  as [1], 

 

 

 Using this modified Wilson co-efficients and operators, we obtained the effective Hamiltonian in  
model as given in equation (2).

 

4. A. J. Buras and M. Munz, Phys. Rev. D 52, 186 (1995).
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 The branching ratio expression for  in  model becomes as,

     ………(5)
 

 Including the NP, we get the decay amplitude as,

        ………(4)
 

 Now for the branching ratio expression as,

      where we have, 

 

 

 From the above considerations we can get the full expression of branching ratio for . And by 
changing the couplings we can get the branching ratio expressions for both  and  channels. 
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Statistics
 To find the NP couplings, we have performed  fitting.
 

 The value of  is used to find the deviation of experimental values from the expected ones 
and it can be defined as [5], 

 

     …(6)
 

 Here, we have used the theoretical expressions of branching ratio in  and the experimental 
values and errors given to the Table-1 in  and  respectively.

 

 Thus we will get an expression of  in terms of unknown  couplings and minimising this  we 
will extract several best fit values as well as the minimised . This minimised  represents the 
minimum deviation from the experimental values.

 

5. R. Andrae, T. Schulze-Hartung, P. Melchior, “Dos and don’ts of reduced chi squared”, [astro-ph.IM/1012.3754].
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 Providing some known values we are getting some values of unknown parameters and 
this gives the degree of freedom . It can be termed as,

•  

 

 Hence, after finding both  and degree of freedom we can find the probability value by 
using the following relation as [6],

 

    ….(7)
 

 The probability depends on only parameter degree of freedom. Here in our fitting we 
have got the value for several constraints. But calculating the p-value we have 
identified the acceptable one. The acceptable value is near about 0.5 (that means 50%).

 

6. C.-W. Chiang et al., Charmless  decays using flavor  symmetry, Phys. Rev. D 70, 034020 (2004).
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Constraints that have been used in the 
fitting

Parameters Experimental values [7]

 MeV

 MeV

 sec

 GeV

Parameters Experimental values [7]

Table-1

7. M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018).
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NP fit

 Here we have used the expression of branching ratio from equation (5) in the 
definition of as well as we have used the experimental data too.

 

 The expression contains the unknown NP couplings and minimising the  value we 
have obtained a particular scenario through the best-fit values.

 

 From this particular scenario we can calculate the branching ratio value for  and we 
can use the same strategy to get an acceptable prediction for both  and  channels. 

 

There are the upper limits of branching ratios for  and  channels. So 
we can say that if the fitting can predict the  channel properly then it 

has potential to predict the other two channels also.   
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Parameter Best-fit valuesParameter Best-fit values

Table-2

, p-value= 0.5843 
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Results and Discussions

 From the above fitting we have obtained the minimised  value as 0.2993 and the 
calculated p-value as 58.43% . Therefore our fit results are acceptable.

 

 Using this fit result we have calculated the branching ratio value for the decay . Our 
theoretical prediction for the decay in  model is  whereas the experimental value is .   

 

 So we can say that this fitting is very useful for  and it can predict the branching ratio 
value correctly. 

 

 Several experiments established the fact: boson does not behave in similar manner with 
all the generations of leptons and that infers the non-universality nature of  model. 
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 Due to non-universality we have to change couplings for other two channels and then 
we can predict their branching ratios.   

 

Experimental upper limits [8]:

    In SM:

 
Experimental upper limits:

In SM: 

 In future, these rare decays will continue to play a central role in testing the SM 
structure, lepton flavor non-universality and to explore NP beyond the SM both 
theoretically and experimentally.

We expect these decays will be fully studied at the upcoming LHC upgrade and beyond !

8. R. Fleischer, R. Jaarsma, G. Tetlalmatzi-Xolomatzi, JHEP  05, 156 (2017). 
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