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Study of semileptonic decay B — pl*l~ in non-universal Z' model
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Exclusive B decays based on b — s(d) 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 — sl*1™ induced processes, there is lack of sufficient data for b - dl*!™ 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
0(107®) 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 — pl*l~ (I = 1, u, €) has not been studied experimentally so far. In this work, we
are interested to study theoretically B — pl*!~ decay which proceeds via b — dl*1~ transition at the quark level. We study
the CP violation asymmetry in the exclusive decay channel B — pl*l~ 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 — s(d) 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 — sl*l~ 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 — pl*l~ decays in non-universal Z' model.
Non-universal Z' model is one of the most
important theoretically constructed NP model
beyond the SM'™.

*Corresponding author (E-mail: mom.nayek@gmail.com)

2 Standard Model Contribution

To the best of our knowledge, the decay mode
B - pltl- (l=1,ue) has not been studied
experimentally yet. In the exclusive rare decay
channel B — pl*1~, the basic quark level process is
b — dl*l~. In the SM, the effective hamiltonian for
the transition b — dI*1~ is expressed as *:
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where we have used the unitary condition for the
CKM ma;[rix as, VipVig + VipVia = —VepViy and
u= VLV“*d. 0; and O, are the current operators,
VebVig

03 — Og are QCD penguin operators and Oq, 0, are
semileptonic electroweak penguin operators”™, G is
Fermi coupling constant. The operators {0;} are given
in literature'™"" by replacing s = d. Now from Eq. (1)

the QCD corrected matrix element can be written as:
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Where, Cipand Cgef Tare  Wilson
coefficients . Now the matrix element of the
decay B — pl*l~ in terms of form factors can be
represented as follows'”:
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In the above expression A, B, C, D, E, F and H are
taken from literature'’ and they are represented in
terms of form factors given in literature'®. Now to
obtain the expression of CP partial width asymmetry
first we have to calculate the decay rate I' and I
which are associated with the decays B — pl*l~ and
— pl*l~ | respectively. The expressions of the
differential decay rate for the decay channel B —
pl™1™ and B —» pl*1~ are represented by:
dar _ Gg®mpg®a?
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Where, 2, and A, are given in literature'’. From
the definition of partial width CP asymmetry we can
obtain the final expression of it in terms of X, and

A, as:

0
—2ImA,A
Acp(8) = z,,+21m;uip - (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 — pl*l~. One of the
most precise extension of SM is an extra symmetry
gauge group known as U(1)" which introduces a
neutral, massive gauge boson Z’'. 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 —» di*i~
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 literature®. By
neglecting Z —Z' mixing and considering the
couplings of only right handed quarks with Z' are

diagonal"®*’, we can write the new modified Z' part

of effective hamiltonian for the transition b — dIl*1~
as:
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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:

4G . ' '
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Where, Ngp= ——, .. 9
W= v )
Here, S;;, = Sh + Sf and D, = S — SE. ... (10)
Where, B, = |B5,|e™"¢2> indicates the off-

diagonal left handed couplings of quark sector with Z'
boson and ¢}, is the new weak phase. Now the total
contributions on two Wilson coefficients Cq and Cy
can be written as:

clotat = ¢ 4+ ny, €3 - (11)

.. (12)

Total _ yA
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4 Results and Discussion

To evaluate these observables in Z' model, we
have fixed the numerical values of the coupling
parameter |By,| and the weak phase ¢g4,. These
values are taken from literature’** and
encapsulated in Table 1 for two different scenarios
S1 and S,. The numerical values of all input

: 17,23
parameters are taken from literature ” ~.

In Fig. 1(a) we find that for$§ = 0.7, Acp(5)
increases slowly and cross the SM value with
increase in the coupling parameters S;; and D;; in
B - pttt~ decay. This variation is significantly
large for S;. For S,, Acp(8) touches the SM value at
the higher value of coupling parameters. In Fig. 1(b
and c), Acp(8) 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 Bgp X 1073 @qp in degree
S1 0.16 + 0.08 —33 1+ 45
S5 0.12 + 0.03 —-23+21
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Fig. 1 — The dependence of CP violation asymmetry Acp(3) on
coupling parameters S;; and D;; for the decays (a) B — pttt~,
(b) B> putu~ and (c) B - pete” for SM (green plate),
scenario-1 (orange plate) and scenario-2 (blue plate).

parameters for B —» putu~ and B — pe*e” decays,
respectively. This deviation of Acp(8) from the SM
value provides a clue for NP. This may indicate the
lepton flavour non-universality due to unequal
enhancement of Agp(8) for B - pttt~, B -
putu~ and B » pete™ decay modes.
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