
Indian Journal of Pure & Applied Physics 
Vol. 57, September 2019, pp. 649-651 
 
 
 
 
 
 

Lepton flavor non-universality in TAU sector 

P Maji* & S Sahoo 
Department of Physics, National Institute of Technology, Durgapur 713 209, India 

Received 3 July 2019 

Recently, the LHCb experiment has observed lepton flavor non-universality parameters 𝑅௄ and 𝑅௄∗ for exclusive 
𝐵 → ሺ𝐾, 𝐾∗ሻ𝑙ା𝑙ି decay modes, respectively. These 𝑅௄ and 𝑅௄∗ are the ratios of branching fraction of 𝜇-channel to  
𝑒-channel for the corresponding decay modes and are found to have ~3 σ deviation from their standard model (SM) values. 
Here, we are interested to study the exclusive decay mode 𝐵 → 𝐾𝜏ା𝜏ି and predict the branching ratio in the SM and also in 
one new physics model, i.e., the non-universal 𝑍′ model. We also look towards the ratios of branching fractions of 𝜏-channel 
to 𝜇- and 𝑒-channels, i.e., 𝑅௄

ఛఓ and 𝑅௄
ఛ௘ respectively, to find out whether any lepton flavor non-universality is present in  

𝜏 sector. As the decay channels like 𝐵 → 𝐾, 𝐾∗ having 𝜏 leptons in their final states are still out of the experimental reach, so 
we hope our predictions could give a new approach for the search of 𝜏-channels as well as the existence of lepton flavor 
non-universality.  
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1 Introduction 

The rare semileptonic decays of B meson such 
as 𝐵 → 𝑀𝑙ା𝑙ି (𝑀 ൌ 𝐾, 𝐾∗, 𝜙, 𝐾ଵ, 𝑋௦,ௗ, etc.) induced 
by 𝑏 → 𝑠 quark transition are allowed at loop level 
in the standard model (SM) through GIM 
mechanism. These decays are relatively clean 
compared to the pure hadronic transitions and also 
expected to be promising probe of new physics 
(NP). In this work, we have considered one of  
the exclusive modes, i.e.,  lKlB  (where, 

,,el  ) as this channel is found to be quite 
fascinating in recent times. The experimental values 
provided by the LHCb1 and the SM values2  
for branching ratio of the decay channel 

),( ellKlB   are given as: 
 

ℬ 610)12.035.0()(   SMlKlB , 
 

ℬ 710)34.039.3()(   ExpKB   and  
 

ℬ 70.1
8.0 10)6.1()( 


  ExpeKeB  

 

On the other hand detail study of  KB
mode is still out of the theoretical attention and is also 
far away from the experimental confirmation. There is 
only an experimental upper limit given by BaBar 
collaboration3 which is ℬ 31025.2)(   KB . 

The experimental value4 of the ratio of branching 
fraction of 𝜇- to 𝑒- channel for 𝐵 → 𝐾𝑙ା𝑙ି decay 
mode (𝑅௄) is found to have a noticeable deviation of 
~2.6 σ from its SM value. This anomaly in 𝑅௄ 
provides significant hint to lepton flavor universality 
violation (LFUV). 

Here, we are interested to study the 𝐵 → 𝐾𝜏ା𝜏ି 
decay mode. Another light dileptonic channels are 
well measured, the 𝜏 leptons are expected to be the 
keyhole of explanation of various anomalies and a 
possible way to probe NP. In this work, we have 
predicted the branching ratio for the above stated 
decay channel in the SM by considering dispersion 
quark model. After that we have implemented a 
new model, i.e., family non-universal 𝑍′ model to 
find out the branching ratio and compared the  
value with that of the SM. In analogous with the 
ratio 𝑅௄ we have defined another two ratios 𝑅௄

ఛ௘ 
and 𝑅௄

ఛఓ which are also expected to be sensitive  
to (LFUV).  
 

2 Theoretical Formulation 
In the SM, neglecting the doubly cabibo - supressed 

contributions, the effective Hamiltonian5 describing the 
𝑏 → 𝑠𝑙ା𝑙ି transitions can be written as: 
 

ℋ௘௙௙ ൌ
𝐺ி

√2
𝑉௧௕𝑉௧௦

∗ ෍ 𝐶௜ሺ𝜇ሻ𝑂௜ሺ𝜇ሻ
௜

,                                  … ሺ1ሻ 
 

For particular to our study the effective 
Hamiltonian leads to the following form: 

—————— 
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ℋ௘௙௙ሺ 𝑏 → 𝑠𝑙ା𝑙ିሻ ൌ
ீಷ

√ଶ

ఈ೐೘

ଶగ
𝑉௧௕𝑉௧௦

∗ ሾെ2
஼ళംሺ௠್ሻ

௤మ ሺሺ𝑚௕ ൅ 𝑚௦ሻ൫𝑠̅𝑖𝜎ఓఔ𝑞ఔ𝑏൯ ൅

ሺ𝑚௕ െ 𝑚௦ሻ൫𝑠̅𝑖𝜎ఓఔ𝑞ఔ𝛾ହ𝑏൯ሻ൫𝑙𝛾̅ఓ𝑙൯ ൅

𝐶ଽ௏
௘௙௙ሺ𝑚௕, 𝑞ଶሻ൫𝑠̅𝛾ఓሺ1 െ 𝛾ହሻ𝑏൯൫𝑙𝛾̅ఓ𝑙൯ ൅

𝐶ଵ଴஺ሺ𝑚௕ሻ൫𝑠̅𝛾ఓሺ1 െ 𝛾ହሻ𝑏൯൫𝑙𝛾̅ఓ𝛾ହ𝑙൯ሿ.   
                 … ሺ2ሻ 
 

Now from the matrix elements of 𝐵 → 𝐾𝑙ା𝑙ି we 
calculate the double differential decay width6 which is 
given as: 
 
𝑑ଶΓሺB → K𝑙ା𝑙ିሻ

𝑑𝑠̂𝑑𝑡̂
ൌ

𝐺ி
ଶ𝑀஻

ହ|𝑉௧௦
∗ 𝑉௧௕|ଶ𝛼௘௠

ଶ

265𝜋ହ ൣെΠ෡𝛽௉ ൅ 2𝑚ෝ𝛿௉൧,  

 … (3) 
Where, 
𝛽௉ ൌ |𝐶ଽ௏

௘௙௙ሺ𝑚௕, 𝑞ଶሻ𝑓ାሺ𝑞ଶሻ ൅ 2ሺ𝑚௕ ൅ 𝑚௦ሻ𝐶଻ఊሺ𝑚௕ሻ𝑠ሺ𝑞ଶሻ|ଶ

൅ |𝐶ଵ଴஺ሺ𝑚௕ሻ𝑓ାሺ𝑞ଶሻ|ଶ  
 ... (4) 
 

Π෡ ൌ ሺ𝑡̂ െ 1ሻሺ𝑡̂ െ 𝑟̂ሻ ൅ 𝑠̂𝑡̂ ൅ 𝑚ෝሺ1 ൅ 𝑟̂ ൅ 𝑚ෝ െ 𝑠̂ െ 2𝑡̂ሻ  
 … (5) 

 

𝛿௉ ൌ |𝐶ଵ଴஺|ଶ ൜൬1 ൅ 𝑟̂ െ
𝑠̂
2

൰ |𝑓ାሺ𝑞ଶሻ|ଶ

൅ ሺ1 െ 𝑟̂ሻ𝑅𝑒ሾ𝑓ାሺ𝑞ଶሻ𝑓∗ሺ𝑞ଶሻሿ

൅
𝑠̂
2

|𝑓 ሺ𝑞ଶሻ|ଶൠ  

 … (6) 
With, 𝑟̂ ≡ ሺ𝑀௄/𝑀஻ሻଶ, 𝑚ෝ ≡ ሺ𝑚௟/𝑀஻ሻଶ and 

𝑠̂ ൌ 𝑞ଶ/𝑀஻
ଶ (𝑞ଶ is the dilepton mass squared). After 

integrating over the variable 𝑡̂ we have got the 
differential decay rate: 
 

𝑑Γሺ𝐵 → 𝐾𝑙ା𝑙ିሻ

𝑑𝑠̂

ൌ
𝐺ி

ଶ𝑀஻
ହ|𝑉௧௦

∗ 𝑉௧௕|ଶ𝛼௘௠
ଶ

1536𝜋ହ ቎ඨ1 െ
4𝑚ෝ

𝑠̂
𝜆

భ
మሺ1, 𝑠̂, 𝑟̂ሻ𝛽௉ ൅ 12𝑚ෝ𝛿௉቏  

 … (7) 
Here, 
 

𝜆ሺ1, 𝑠̂, 𝑟̂ሻ ൌ 1 ൅ 𝑟̂ଶ ൅ 𝑠̂ଶ െ 2𝑟̂ െ 2𝑠̂ െ 2𝑟̂𝑠̂ 
 

The form factors 𝑓ାሺ𝑞ଶሻ, 𝑓 ሺ𝑞ଶሻ and 𝑠ሺ𝑞ଶሻare 
taken from GI-OGE model fit6. 

In the presence of non-universal 𝑍′, Hamiltonian 
for FCNC transitions could be written as: 
 

ℋ௘௙௙
௓′ ൌ െ

ସீಷ

√ଶ
𝑉௧௕𝑉௧௦

∗ ቂ𝛬௦௕𝐶ଽ
௓′𝑂ଽ ൅ 𝛬௦௕𝐶ଵ଴

௓′𝑂ଵ଴ቃ … ሺ8ሻ 
 

Where, 𝛬௦௕ ൌ
ସగ௘ష೔ഝೞ್

ఈ೐೘௏೟್௏೟ೞ
∗ , 𝐶ଽ

௓′ ൌ |𝐵௦௕|𝑆௟௟
௅ோ, 𝐶ଵ଴

௓′ ൌ

|𝐵௦௕|𝐷௟௟
௅ோ with, 𝑆௟௟

௅ோ ൌ 𝐵௟௟
௅ ൅ 𝐵௟௟

ோ, 𝐷௟௟
௅ோ ൌ 𝐵௟௟

௅ െ 𝐵௟௟
ோ 

Here, 𝐵௦௕ corresponds to off diagonal left-handed 
coupling of 𝑍′ with quarks, 𝐵௟௟

௅  and 𝐵௟௟
ோ are left- and 

right-handed couplings for 𝑍′ with leptons, 𝜙௦௕ is the 
new weak phase angle. The most useful feature of 𝑍′ 
model is that the operator basis remains same as in the 
SM; only the modifications are done for 𝐶ଽ and 𝐶ଵ଴ 
while 𝐶଻ఊ remains unchanged. The new Wilson 
coefficients 𝐶ଽ and 𝐶ଵ଴ with the total contributions of 
SM and 𝑍′ model are written as: 
 

𝐶ଽ
்௢௧௔௟ ൌ 𝐶ଽ

௘௙௙ ൅ 𝐶ଽ
ே௉

𝐶ଵ଴
்௢௧௔௟ ൌ 𝐶ଵ଴ ൅ 𝐶ଵ଴

ே௉
ቋ                                              ∙∙∙ ሺ9ሻ 

 

Where, 𝐶ଽ
ே௉ ൌ 𝛬௦௕𝐶ଽ

௓ᇲ
and 𝐶ଵ଴

ே௉ ൌ 𝛬௦௕𝐶ଵ଴
௓ᇲ

 
The numerical values of the 𝑍′ couplings suffer 

from several constraints which arise due to different 
exclusive and inclusive B decays. We have used three 
scenarios in our calculation, corresponding to three 
different fitting values of 𝐵௦ െ 𝐵ത௦ mixing data which 
present the couplings as well as the weak phase angle. 
The numerical values of input parameters are set by 
UTfit collaborations8 and recollected in Table 1. 
 
3 Results and Discussion 

We have predicted the branching ratio for 𝐵 →
𝐾𝜏ା𝜏ି channel in the SM by integrating the Eq. (7) 
over the range 14 ൏ 𝑞ଶ ൏ 𝑞௠௔௫

ଶ  and then multiplying 
it with the lifetime of B meson. Next we have 
implicated the 𝑍′ model by considering the relations 
given in Eq. (9) and calculated the branching ratio in the 
𝑍′ model also. The results are summarized in Table 2. 

Figure 1 depicts the variation of branching ratio of 
𝐵 → 𝐾𝜏ା𝜏ିchannel with 𝑠̂ which shows a clean peak 
around 49.0~/ 22

' BMms  . This peak is due to the 

uncertainty coming from charm loop contribution. 
As described in section 1, we define the lepton 

flavor non-universality parameter as: 
 

Table 1 — Input values of 𝑍′ parameters. 

 |𝐵௦௕| ൈ 
10ିଷ 

𝜙௦௕ 
(Deg.) 

𝑆௅௅ ൈ 
10ିଶ 

𝐷௅௅ ൈ 
10ିଶ 

𝒮ଵ 1.09 ± 0.22 -72 ± 7 -2.8 ± 3.9 -6.7 ± 2.6 
𝒮ଶ 2.20 ± 0.15 -82 ± 4 1.2 ± 1.4 -2.5 ± 0.9 
𝒮ଷ 4.0 ± 1.5 150 ± 10  

(or -150 ± 10) 
0.8 -2.6 

 

Table 2 — Branching ratio ൈ 10ି଻ for the decay channel 
𝐵 → 𝐾𝜏ା𝜏ି. 

SM result  𝑍 ′ model Expt. result 

𝒮ଵ 𝒮ଶ 𝒮ଷ 
1.132 2.197-2.289 1.786-1.939 0.565-0.881 [3] 
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𝑅௄
ఛ௟ ൌ

ℬሺ𝐵 → 𝐾𝜏ା𝜏ିሻ
ℬሺ𝐵 → 𝐾𝑙ା𝑙ିሻ

ሺ𝑙 ൌ 𝑒 or 𝜇ሻ. 
 

While, measuring this parameter it is observed that 
𝑅௄

ఛ௟ ൐ 1 which shows a certain violation of 𝜏 െ 𝜇 as 
well as 𝜏 െ 𝑒 universality. Authors of literature9 have 
predicted these ratios in the SM as:  
 

 𝑅௄
ఛఓ ൌ 1.158ሺ39ሻ, 𝑅௄

ఛ௘ ൌ 1.161ሺ40ሻ, 
 𝑅௄

ఛ௟ ൌ 1.159ሺ40ሻ 
 

Within the range 14.18 GeVଶ to 𝑞௠௔௫
ଶ . We have 

predicted these two parameters in the SM as well as in 
𝑍′ model and presented the results in Table 3. 

From the results of Table 3, we can see that 
when we consider the 𝑍′ contribution only in 𝜏-
sector the ratios is enhanced for first two scenarios. 
In third scenario, the branching ratio for 𝐵 →
𝐾𝜏ା𝜏ି is reduced (Table 2) and thus the ratio is 
also decreased. Whereas, considering the NP 
contribution to all three lepton sectors, the results 
indicate that ditau channel has larger NP effect  
than other two dileptonic channels for second 
scenario of the 𝑍′ model with maximum parametric 
values (Table 1). Therefore, the measurements of 
𝑅௄

ఛఓ and 𝑅௄
ఛ௘ in future will help to either confirm or 

discard our model as a viable description of  
the LFUV. 
 

4 Conclusions 
From the above study we can conclude that the 

decay channels which include tau leptons in its final 
state are very difficult to examine as 𝜏 leptons decay 
very quickly. So experimentalists need a high 
precision machine to discover these decay modes. In 
our work, we have predicted the branching ratio of 
𝐵 → 𝐾𝜏ା𝜏ି channel in the SM as well as in the 𝑍′ 
model. We have taken the kinematical region above 
14 GeV2 as the uncertainty could be reduced at high q2 

region for both ditau and other light dileptonic 
channels. In this low recoil regime, the branching 
ratio is enhanced for first two scenarios of 𝑍′ model 
and reduced in third case. So, we are in favour of 
neglecting the third scenario. We have also predicted 
two lepton flavor non-universality parameters 𝑅௄

ఛఓ 
and 𝑅௄

ఛ௘ and found that there is a significant hint for 
LFUV. We have also noted that the NP effect might 
be slightly larger for tau leptons than electron or 
muon. After gathering all the points on a single note 
we can say that the search of tau leptons could 
enlighten many new facts about the physics beyond 
the SM. We hope that the 𝑍′ searches at LHC could 
provide some new information about the processes 
which are still away from experimental reach due to 
lack of precise measurements. 
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Fig. 1 — Variation of branching ration with ŝ. 
 

Table 3 — Numerical results of 𝑅௄
ఛఓ, 𝑅௄

ఛ௘ 

 𝑅௄
ఛఓ 𝑅௄

ఛ௘ 

SM result 1.318 1.323 

𝑍′ effect only in 
𝜏-sector 

𝒮ଵ௠௔௫ 1.941 1.949 
𝒮ଵ௠௜௡ 2.022 2.03 
𝒮ଶ௠௔௫ 1.578 1.584 
𝒮ଶ௠௜௡ 1.713 1.719 
𝒮ଷ௠௔௫ 0.778 0.781 
𝒮ଷ௠௜௡ 0.499 0.501 

𝑍′ effect in all 
three lepton 
(𝑒, 𝜇, 𝜏) sector 

𝒮ଵ௠௔௫ 1.293 1.298 
𝒮ଵ௠௜௡ 1.269 1.273 
𝒮ଶ௠௔௫ 1.351 1.356 
𝒮ଶ௠௜௡ 1.275 1.279 
𝒮ଷ௠௔௫ 1.286 1.291 
𝒮ଷ௠௜௡ 1.395 1.4 

 


