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Exclusive B decays based on 𝑏 → 𝑠ሺ𝑑ሻ transition provide useful information about the various parameters in the standard 
model (SM) and also offer a great possibility for searching the new physics (NP). Although, there exists a lot of precise 
results on 𝑏 → 𝑠𝑙ା𝑙ି induced processes, there is lack of sufficient data for 𝑏 → 𝑑𝑙ା𝑙ି induced decays. From experimental 
evidences it is found that the B meson decays which have the quark level transition 𝑏 → 𝑑 have small branching ratio 
𝒪ሺ10ି଼ሻ and large CP asymmetry. So, B meson decays induced by 𝑏 → 𝑑 flavour changing neutral current (FCNC) 
transitions are very challenging to probe the quark-flavour sector of the standard model (SM) and also to search NP. To the 
best of our knowledge, the decay mode 𝐵 → 𝜌𝑙ା𝑙ି ሺ𝑙 ൌ 𝜏, 𝜇, 𝑒ሻ has not been studied experimentally so far. In this work, we 
are interested to study theoretically 𝐵 → 𝜌𝑙ା𝑙ି decay which proceeds via 𝑏 → 𝑑𝑙ା𝑙ି transition at the quark level. We study 
the CP violation asymmetry in the exclusive decay channel 𝐵 → 𝜌𝑙ା𝑙ି in a non-universal Z' model. We find a significant 
deviation from the SM value of CP violation asymmetry for this decay which provides a clear conjecture for NP arising 
from Z' gauge boson. 
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1 Introduction  

In recent years, semileptonic decays of bottom 
hadrons are in the focus of many theoretical and 
experimental studies due to increasing experimental 
evidence of new physics (NP). Rare B meson 
decays which are induced by FCNC transition 
𝑏 → 𝑠ሺ𝑑ሻ play one of the most important role in the 
research area of particle physics, especially in the 
flavour sector of standard model (SM). These 
decays occur at the loop level and generally are 
suppressed at the tree level in SM. Though there 
exists several data for 𝑏 → 𝑠𝑙ା𝑙ି processes but the 
detection of decays having 𝑏 → 𝑑 quark level of 
less branching ratio and large CP asymmetry. It is 
also found that the leading order contribution for 
𝑏 → 𝑑 quark level transition is smaller than that of 
the transition 𝑏 → 𝑠. Hence, rare semileptonic B 
meson decays especially which are induced by 
𝑏 → 𝑑 FCNC transition give a signal  
for NP beyond the SM. Here, we interested to  
study 𝐵 → 𝜌𝑙ା𝑙ି decays in non-universal Z' model. 
Non-universal Z' model is one of the most  
important theoretically constructed NP model 
beyond the SM1-6. 
 

2 Standard Model Contribution 
To the best of our knowledge, the decay mode 

𝐵 → 𝜌𝑙ା𝑙ି ሺ𝑙 ൌ 𝜏, 𝜇, 𝑒ሻ has not been studied 
experimentally yet. In the exclusive rare decay 
channel 𝐵 → 𝜌𝑙ା𝑙ି, the basic quark level process is 
𝑏 → 𝑑𝑙ା𝑙ି. In the SM, the effective hamiltonian for 
the transition 𝑏 → 𝑑𝑙ା𝑙ି is expressed as7,8: 
 

 𝐻௘௙௙ ൌ െ
ସீಷఈ

√ଶ
𝑉௧௕𝑉௧ௗ

∗ ൣ∑ 𝐶௜𝑂௜ െ 𝜆௨ሼ𝐶ଵ|𝑂ଵ
௨ െଵ଴

௜ୀଵ

𝑂1൅𝐶2𝑂2𝑢−𝑂2,                                          … (1)  
 

where we have used the unitary condition for the 
CKM matrix as, 𝑉௧௕𝑉௧ௗ

∗ ൅ 𝑉௨௕𝑉௨ௗ
∗ ൎ െ𝑉௖௕𝑉௖ௗ

∗  and 

𝜆௨ ൌ
௏ೠ್௏ೠ೏

∗

௏೟್௏೟೏
∗ . 𝑂ଵ and 𝑂ଶ are the current operators, 

𝑂ଷ െ 𝑂଺ are QCD penguin operators and 𝑂ଽ, 𝑂ଵ଴ are 
semileptonic electroweak penguin operators7,9, 𝐺ி is 
Fermi coupling constant. The operators ሼ𝑂௜ሽ are given 
in literature10,11 by replacing 𝑠 → 𝑑. Now from Eq. (1) 
the QCD corrected matrix element can be written as: 
 

ℳ 
ீಷఈ

√ଶగ
𝑉௧௕𝑉௧ௗ

∗ ൈ ቄെ2𝐶଻
௘௙௙ ௠್

௤మ ൫𝑑̅𝑖𝜎ఓజ𝑞జ𝑃ோ𝑏൯൫𝑙𝛾̅ఓ𝑙൯ ൅

𝐶9𝑒𝑓𝑓𝑑𝛾𝜇𝑃𝐿𝑏𝑙𝛾𝜇𝑙൅𝐶10𝑑𝛾𝜇𝑃𝐿𝑏𝑙𝛾𝜇𝛾5𝑙,    ∙ … (2) 
 

Where, 𝐶଻
௘௙௙, 𝐶ଵ଴and 𝐶ଽ

௘௙௙are Wilson 
coefficients8,12-16. Now the matrix element of the 
decay 𝐵 → 𝜌𝑙ା𝑙ି in terms of form factors can be 
represented as follows17: 
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ℳ஻→ఘ ൌ ሾ𝑖 ∈ఓఔఈఉ 𝜖ఔ∗
𝑝஻

ఉ𝑞ఉ𝐴 ൅ 𝜖ఓ
∗𝐵

൅ ሺ𝜖∗𝑞ሻሺ𝑝஻ሻఓ𝐶ሿ൫𝑙𝛾̅ఓ𝑙൯ 

                      

        ൅ሾ𝑖 ∈ఓఔఈఉ 𝜖ఔ∗
𝑝஻

ఈ𝑞ఉ𝐷
            ൅𝜖ఓ

∗𝐸 ൅ ሺ𝜖∗𝑞ሻሺ𝑝஻ሻఓ𝐹ሿ

൫𝑙𝛾̅ఓ𝑙൯

൅𝐻ሺ𝜖∗𝑞ሻ൫𝑙𝛾̅ହ𝑙൯

                                              

 … (3) 
In the above expression A, B, C, D, E, F and H are 

taken from literature17 and they are represented in 
terms of form factors given in literature18. Now to 
obtain the expression of CP partial width asymmetry 
first we have to calculate the decay rate 𝛤 and 𝛤ത 
which are associated with the decays  𝐵ത → 𝜌𝑙ା𝑙ି and 
→  𝜌̅𝑙ା𝑙ି , respectively. The expressions of the 
differential decay rate for the decay channel 𝐵ത →
𝜌𝑙ା𝑙ି and 𝐵 →  𝜌̅𝑙ା𝑙ି are represented by: 
 

 ௗ௰

ௗ௦̂
ൌ

ீಷ
మ௠ಳ

ఱఈమ

 ଷൈଶభబൈగఱ |𝑉௧௕𝑉௧ௗ
∗ |ଶ𝜆

భ
మ൫1, 𝑠̂, 𝑚ෝఘ

ଶ൯ ൈ

        ට1 െ
ସ௠ෝ ೗

మ

௦̂
𝛴ఘ                                                … (4) 

 

 ௗ ௰ഥ

ௗ௦̂
ൌ

ீಷ
మ௠ಳ

ఱఈమ

 ଷൈଶభబൈగఱ |𝑉௧௕𝑉௧ௗ
∗ |ଶ𝜆

భ
మ൫1, 𝑠̂, 𝑚ෝఘ

ଶ൯ ൈ

  ට1 െ
ସ௠ෝ ೗

మ

௦̂
൫𝛴ఘ ൅ 4𝐼𝑚𝜆௨∆ఘ൯                                  … (5) 

 

Where, 𝛴ఘ and ∆ఘ are given in literature17. From 
the definition of partial width CP asymmetry we can 
obtain the final expression of it in terms of 𝛴ఘ and  
∆ఘ as: 
 

𝐴஼௉ሺ𝑠̂ሻ ൌ
ିଶூ௠ఒೠ∆ഐ

ఀഐାଶூ௠ఒೠ∆ഐ
                                          … (6) 

 
3 Contribution from FCNC Mediated Z' Boson 

Now we will discuss the effect of FCNC mediated 
Z' boson on the partial width CP asymmetry of the 
semileptonic decay channel 𝐵 →  𝜌𝑙ା𝑙ି. One of the 
most precise extension of SM is an extra symmetry 
gauge group known as Uሺ1ሻᇱ which introduces a 
neutral, massive gauge boson Zᇱ. One fundamental 
feature of Z' model is that due to family non-
universal couplings, Z' boson has flavour changing 
fermionic coupling at the tree level leading to 
important phenomenological indications. In non-
universal Z' model, FCNC transition for 𝑏 → 𝑑𝑙ା𝑙ି 
process occurs at the tree level due to the presence of 
non-diagonal chiral coupling matrix. The detail 
analysis of this model is discussed in literature3. By 
neglecting 𝑍 െ Z′ mixing and considering the 
couplings of only right handed quarks with Z' are 

diagonal19,20, we can write the new modified Z' part 
of effective hamiltonian for the transition 𝑏 → 𝑑𝑙ା𝑙ି 
as: 
 

 𝐻௘௙௙
୞′ ൌ െ

ଶீಷ

√ଶగ
𝑉௧௕𝑉௧ௗ

∗ ൤
஻೏್

ಽ ௌ೗೗
ಽ

௏೟್௏೟೏
∗ 𝑠̅𝛾ఓ ൈ ሺ1 െ 𝛾ହሻ𝑏𝑙𝛾̅ఓ ሺ1 െ

𝛾ହሻ𝑙 ൅ 
஻೏್

ಽ ௌ೗೗
ೃ

௏೟್௏೟೏
∗ 𝑠̅𝛾ఓ ൈ ሺ1 െ 𝛾ହሻ𝑏𝑙𝛾̅ఓ ൈ  ሺ1 ൅ 𝛾ହሻ𝑙൨      … (7) 

 

The contributions of Z' boson on the  
current operators, semileptonic electroweak penguin 
operators and QCD penguin operators remain same as 
that of the SM. Hence, the effective  hamiltonian 
given in Eq. (7) can be summarized as follows: 
 

𝐻௘௙௙
୞′ ൌ െ

ସீಷ

√ଶ
𝑉௧௕𝑉௧ௗ

∗ ቂ∧ௗ௕ 𝐶ଽ
୞′𝑂ଽ ൅    ∧ௗ௕ 𝐶ଵ଴

୞′ 𝑂ଵ଴ቃ      … (8) 
 

Where,            ∧ௗ௕ൌ
ସగ௘ష೔ക೏್

ఈ௏೟್௏೟೏
∗ ,                           … (9) 

 

Here, 𝑆௅௅ ൌ 𝑆௟௟
௅ ൅ 𝑆௟௟

ோ and 𝐷௅௅ ൌ 𝑆௟௟
௅ െ 𝑆௟௟

ோ. … (10) 
 

Where, 𝐵ௗ௕
௅ ൌ ห𝐵ௗ௕

௅ ห𝑒ି௜ఝ೏್ indicates the off-
diagonal left handed couplings of quark sector with Z' 
boson and 𝜑ௗ௕ is the new weak phase. Now the total 
contributions on two Wilson coefficients 𝐶ଽ and 𝐶ଵ଴ 
can be written as: 
 

𝐶ଽ
்௢௧௔௟ ൌ 𝐶ଽ

௘௙௙ ൅∧ௗ௕ 𝐶ଽ
୞′ … (11)  

 

𝐶ଵ଴
்௢௧௔௟ ൌ 𝐶ଵ଴ ൅∧ௗ௕ 𝐶ଵ଴

୞′  … (12) 
 
4 Results and Discussion 

To evaluate these observables in Z' model, we 
have fixed the numerical values of the coupling 
parameter |𝐵ௗ௕| and the weak phase 𝜑ௗ௕. These 
values are taken from literature21,22 and 
encapsulated in Table 1 for two different scenarios 
𝑆ଵ and 𝑆ଶ. The numerical values of all input 
parameters are taken from literature17, 23. 

In Fig. 1(a) we find that for 𝑠̂ ൌ 0.7, 𝐴஼௉ሺ𝑠̂ሻ 
increases slowly and cross the SM value with 
increase in the coupling parameters 𝑆௅௅ and 𝐷௅௅ in 
𝐵 → 𝜌𝜏ା𝜏ି decay. This variation is significantly 
large for 𝑆ଵ. For 𝑆ଶ, 𝐴஼௉ሺ𝑠̂ሻ touches the SM value at 
the higher value of coupling parameters. In Fig. 1(b 
and c), 𝐴஼௉ሺ𝑠̂ሻ also increases slowly and crosses the 
SM value with the increase of Z' coupling 
 

Table 1 — Numerical values of Z' coupling parameters and weak
phase. 

Scenarios        𝐵ௗ௕ ൈ 10ିଷ  𝜑ௗ௕ in degree 
𝑆ଵ  0.16 േ 0.08  െ33 േ 45 
𝑆ଶ  0.12 േ 0.03  െ23 േ 21 
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parameters for 𝐵 → 𝜌𝜇ା𝜇ି and 𝐵 → 𝜌𝑒ା𝑒ି decays, 
respectively. This deviation of 𝐴஼௉ሺ𝑠̂ሻ from the SM 
value provides a clue for NP. This may indicate the 
lepton flavour non-universality due to unequal 
enhancement of 𝐴஼௉ሺ𝑠̂ሻ for 𝐵 → 𝜌𝜏ା𝜏ି, 𝐵 →
𝜌𝜇ା𝜇ି and 𝐵 → 𝜌𝑒ା𝑒ି decay modes.  
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Fig. 1 — The dependence of CP violation asymmetry 𝐴஼௉ሺ𝑠̂ሻ on
coupling parameters 𝑆௅௅ and 𝐷௅௅ for the decays (a) 𝐵 → 𝜌𝜏ା𝜏ି, 
(b) 𝐵 → 𝜌𝜇ା𝜇ି and (c) 𝐵 → 𝜌𝑒ା𝑒ି for SM (green plate),
scenario-1 (orange plate) and scenario-2 (blue plate). 


