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Abstract. For purely leptonic decays of pseudoscalar mesons, the decay rates are related to the 
product of the relevant weak interaction-based CKM matrix element of the constituent quarks on the 
one hand, and the strong interaction parameter, the decay constant, which is related to the overlap of 
the quark and antiquark in the meson on the other hand. The decay constants for these mesons can 
thus be estimated from the decay rates of the respective dominant decay modes. The decay constants 
obtained are used to estimate the decay rates of the less dominant modes, which are in good 
agreement with experimentally measured values. We also predict the decay rates for -lepton. 
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I.  INTRODUCTION 

The purely leptonic decays of π±, K±, D±, Ds
± , and B± pseudoscalar mesons have been well 

measured experimentally. The measured decay rates depend on the Cabibbo-Kobayashi-
Maskawa (CKM) mixing matrix element of the constituent quarks and a strong interaction 
parameter related to the overlap of the quark and antiquark wave-functions in the meson, called 
the decay constant fP [1].  

A charged meson can decay to a lepton-neutrino pair via a virtual W boson, as illustrated in 
Fig. 1.. The decay rate for the process in Fig.1 can be straightforwardly calculated, and is given 
by 
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                 (1) 

Here MP is the P meson mass, mℓ is the mass of the lepton ℓ, V21 is the CKM matrix element 
between the constituent quarks q1 and q2 in P, and GF is the Fermi coupling constant. The 
parameter fP is the decay constant which is related to the wave-function overlap of the quark and 
antiquark system. 

             

 
 

Fig. 1.  Diagram representing P in this model, where P is 21qq . 
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II.  CALCULATION OF DECAY CONSTANTS FROM THE EXPERIMENTAL DECAY  
RATES 

 
The decay rate for the process P  can be inferred from the lifetime of P and the relevant 

decay branching ratio [2]. Table 1 gives the leptonic decay rates for the prominent decay modes 
considered. 

 
TABLE 1. Decay rates for the prominent leptonic decays of pseudoscalar mesons. 
 

Particle Mean Life (s) Decay Modes Branching Ratio Decay Rate (MeV) 
π+ 2.6033(5) × 108 99.98770(4) % 2.528064(10) × 1014 

K+ 1.2380(21) × 108 63.55(11) % 3.378(6) × 1014 
D+ 1.040(7) × 1012 3.82(33) × 104 2.42(21) × 1013 
Ds

+ 0.500(7) × 1012 5.90(33) × 103 7.8(4) × 1012 

B+ 1.641(8) × 1012 1.65(34) % 6.6(14) × 1014 
 

To obtain the decay constant fP, we need information on the CKM matrix elements as 
accurately as possible. The following values are obtained from Particle Data Group’s 2012 
edition [3]:  
 

        (2) 

 
The elements Vcs and Vtb are not well measured. Instead, they are calculated by exploiting the 
unitary relations.  

The decay constant fP is then calculated from Eq. (1). For the dominant decay modes of 
pseudoscalar mesons, the decay constant values calculated are listed in Table 2.  
      
TABLE 2. Values of decay constants fP estimated from leptonic decay rates of the dominant 
decay modes. 
 

Decay Modes Decay Rate (MeV) Decay Constant fP 
    2.528064(10) × 1014 133.008 (30) 

 K  3.378(6) × 1014 156.6 (8) 

 D  2.42(21) × 1013 201(18) 

 sD  7.8(4) × 1012 264(7) 

  B  6.6(14) × 1014 232(52) 
 
The values for the decay constants obtained above are in agreement with earlier experimental 

results [1, 4-10] and various theoretical calculations [11-17]. The large uncertainty in   B  

is because of the relatively larger experimental error in Vub. 
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III.  COMPARISON OF CALCULATED RATES WITH MEASURED RATES FOR THE 
LESS DOMINANT MODES 

 
Using these values of the decay constants, we can calculate the decay rates for the less 

dominant decay modes of the corresponding decays. Table 3 shows the calculated rates against 
the measured rates for these less dominant modes [2]. 

 
TABLE 3. Calculated decay rates against measured rates for the less dominant decay modes. 

 
Decay Modes Calculated Rate (MeV) Measured Rate (MeV) 

ee     3.3125(30) × 1018 3.110(10) × 1018 
eeK    8.68(16) × 1019 8.41(4) × 1019 
eeD    5.65(16) × 1018 < 5.6 × 1015 

  D  6.40(18) × 1013 < 7.6 × 1013 
es eD    1.83(11) × 1016 < 1.6 × 1013 
  sD  7.6(4) × 1011 7.1(4) × 1011 
eeB    7(5) × 1021 < 3.9 × 1016 
 B  3.0(20) × 1016 < 4.0 × 1016 

 
The agreement is excellent. It is noted that the calculated values are very close to the 

experimental upper bounds for the following decay modes:   D  and  B . 

 
IV.  EXTENSION TO -LEPTON DECAYS 

 
Eq. (1) can be extended to describe -lepton decays: 
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Using the same set of values for the decay constants obtained in Table 2, the -lepton decay 
rates calculated are displayed in Table 4 against the measured rates [2]. The agreement is good. 
 
TABLE 4. Calculated decay rates of -lepton against measured rates. 

 
Decay Modes Calculated Rate (MeV) Measured Rate (MeV) 

    2.5180 (23) × 1010 2.4530(14) × 1010 
  K  1.608(29) × 1011 1.385(23) × 1011 

 
V.  CONCLUSION 

 
We have presented here a straightforward way to estimate the decay constants for 

pseudoscalar mesons. The results are consistent with earlier experimental estimates and 
theoretical calculations. Values of the decay constants are used to calculate the decay rates for 
the less dominant decay modes, yielding good agreement with experimental values. The same 
decay constants are also utilized to generate the decay rates of -lepton. 
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