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In this work we study the implication of the nonuniversal Z0 model to the double lepton polarization
asymmetries in the B → K�lþl−, ðl ¼ μ; τÞ decay. To see the variation in the values of lepton
polarization asymmetries from the standard model values, we have taken bounds of the UTfit
collaboration, namely, S1 and S2 on the values of different parameters of the universal Z0 model such
as left-right couplings of the extra gauge boson with leptons and the new weak phase ϕsb. It is found that
double lepton polarization asymmetries are sensitive to the coupling parameters of Z0 boson with
fermions. Therefore, the measurements of these lepton polarization asymmetries for the above-
mentioned decay at current colliders can be helpful to clarify the status of the existence of the extra
gauge boson, i.e., Z0.
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I. INTRODUCTION

The understanding of flavor dynamics is one of the
most important goals of elementary particle physics
because this understanding gives us more insight about
short distance scales phenomena. In this regard, the
standard model (SM) of particle physics has been very
successful. It describes three fundamental interactions out
of four with great accuracy. The standard model encodes
the myriad of particle interactions in terms of a simple
Lagrangian wherein quarks and gluons interact highly
nonlinearly via what is called quantum chromodynamics
while quarks and leptons interact with heavy gauge
bosons Z, W in a unified picture of the weak and
electromagnetic interaction based on the symmetry
SUð2ÞL ×Uyð1Þ. This simple and elegant picture has
been subject to numerous experimental probes at a range
of energies from threshold to nearly the TeV level and has
passed each test successfully.
Nevertheless, there exist some strong fundamental reasons

to suspect that there is something beyond the standard
model. Apart from these fundamental shortcomings there
are some discrepancies between the experimental data and
the predictions of the SM that have been observed in the last
few years [1–5]. To address the above-mentioned short-
comings and to overcome the experimental discrepancies
many models have been proposed such as the little Higgs
model [6,7], Extra dimensions model like the Applequest-
Cheng-Dobrescu model [8], the minimal super symmetric
SM [9], nonuniversal Z0 model [10], and the SM with 4th
generation [11]. Among these the Z0 model seems to be a
simple and straightforward extension of the gauge group
SUð2ÞL ×Uð1Þ. Besides its simplicity this model has a
potential to solve some problems which occur in the SM

[12–14]. Moreover, it has a new weak phase which may
enhance charge parity violation and can provide a natural
way to accommodate the excess in CP violation
measurements which have been observed in some
B—meson decays [15–20].
On the other hand, the key area of contemporary particle

physics deals with searches for so-called BSM (beyond
standard model) physics. Since no such definitive signal
has yet been observed, it is impossible to say exactly what
form such a BSM interaction might take. Nevertheless, it is
important to identify possible mechanisms whereby this
might happen and to locate experimental signals that could
be optimal for a BSM observation. Regarding this, flavor
changing neutral currents (FCNC) provide a fertile ground
to test the SM at loop level as well as probe to BSM
physics. As we have mentioned earlier, the standard model
has so far passed all experimental tests at the highest energy
accelerator available today, namely the LHC at CERN. It is
clear that BSM pictures must involve particles which are
much heavier than those presently accessible, and therefore
it is a challenge to see how to probe for the existence of
such structures. In this context, FCNC may be used as a
probe of BSM physics since the Z-boson couples only to
quarks/leptons with the same flavor; therefore, FCNC
effects do not arise at tree level and must occur through
loops. Of course, this effect already occurs in the standard
model, with the usual particles present in the loops.
However, BSM particles will lead to additional contribu-
tions to the FCNC process where the contribution of such
BSM effects might be optimal for experimental detection.
In this regard, b → s FCNC transition plays a crucial role in
investigating the different new physics scenarios [21–29].
In the same way, the Z0 boson belonging to the new U0ð1Þ
symmetry runs in the loop, consequently, only the Wilson
coefficients get modified while the operator basis remains*ishtiaq@ncp.edu.pk
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the same as in the SM. As mentioned above a large number
of complementary studies are needed because we do not
know exactly the form of new physics. In this context, the
semileptonic decay channels based on the b → s transitions
provide a number of observables such as the forward-
backward asymmetry (FBA), helicity fractions, single
and double lepton polarization asymmetries, etc. The
measurements of these observables at current colliders
may provide useful information to sketch out the structure
of proposed theories beyond the SM. Therefore, to explore
the physics beyond the SM various inclusive B meson
decays like B → Xs;dlþl− and their corresponding exclu-
sive processes, like B → Mlþl− with M ¼ K, K�, K1, ρ
etc have been investigated in the literature [30–47]. In these
studies a large number of observables are examined which
showed that the above mentioned inclusive and exclusive
decays of B meson are very sensitive to the flavor structure
of the standard model and receive corrections in many new
physics (NP) models. Furthermore, among the various
inclusive and exclusive semileptonic Bmeson decays, B →
K�lþl− is of particular interest because it has a larger
branching ratio that the other leptonic and semileptonic
decay channels. With this motivation in this manuscript we
have studied the effects of a family nonuniversal Z0 model
on the lepton polarization asymmetries in B → K�lþl−
decays, where l ¼ μ or τ.
This paper is organized as follows: In Sec. II we

describe the theoretical formulation necessary to describe
the b → s transition, including the effective Hamiltonian,
matrix elements in terms of form factors, and the explicit
form of the amplitude in terms of the matrix elements.
In Sec. III we define the polarization asymmetries and
write down the explicit expressions of these asymmetries
for B → K�lþl−. In Sec. IV we present the phenomeno-
logical analysis and discuss our numerical results. The last
section is devoted to summarizing our work and to the
conclusions.

II. THEORETICAL FORMULATION

The decay channel in which we are interested
(B → K�lþl−, l ¼ μ, τ) is the FCNC transition and
originates from the quark level transition b → slþl−. The
QCD corrected effective Hamiltonian responsible for the
b → slþl− transition can be written as follows

Heff ¼ − 4GFffiffiffi
2

p V�
tbVts

X10
i¼1

CiðμÞOiðμÞ; (1)

where OiðμÞ ði ¼ 1;…; 10Þ are the four-quark operators
and CiðμÞ are the corresponding Wilson coefficients at the
energy scale μ and the explicit expressions of these
coefficients in the SM at NLO and NNLL are given in
[42,48–59]. Here, we have neglected the terms proportion
to VubV�

us because of
VubV�

us
VtbV�

ts
< 0.02. The operators respon-

sible for B → K�lþl− are O7, O9 and O10 are

O7 ¼
e2

16π2
mbðs̄σμνPRbÞFμν;

O9 ¼
e2

16π2
ðs̄γμPLbÞðl̄γμlÞ;

O10 ¼
e2

16π2
ðs̄γμPLbÞðl̄γμγ5lÞ; (2)

with PL;R ¼ ð1� γ5Þ=2.
Neglecting the mass of the s-quark, the above

effective Hamiltonian gives us the following matrix
elements

MðB → K�lþl−Þ

¼
�
αemGF

2
ffiffiffi
2

p
π
V�
tbVtshK�ðk; εÞjs̄γμð1 − γ5ÞbjBðpÞi

× fCeff
9 ðl̄γμlÞ þ C10ðl̄γμγ5lÞg

− 2Ceff
7 mbhK�ðk; εÞjs̄iσμν

qν

s
ð1þ γ5ÞbjBðpÞiðl̄γμlÞ

�
;

(3)

where q is the momentum transferred to the final lepton
pair, i.e., q ¼ p1 þ p2 where p1 and p2 are the momenta
of l− and lþ, respectively, s is the squared of the
momentum transfer, and V�

tbVts are the Cabibo-
Kobayashi-Maskawa (CKM) matrix elements.
The Wilson coefficient Ceff

9 contains a perturbative part
which includes the indirect contributions of operators Oi
where i ¼ 1 to 6 and a nonperturbative or resonant part
which contains the long-distance effects due to conversion
of the real cc̄ into the lepton pair lþl−

Ceff
9 ¼ Cper

9 þ Cres
9 : (4)

The perturbative part of Ceff
9 reads [59]

Cper
9 ¼ C9ðmbÞ þ gðmc; sÞ

�
4

3
C1 þ C2 þ 6C3 þ 60C5

�

− 2

2
gðmb; sÞ

�
7C3 þ

4

3
C4 þ 76C5 þ

64

3
C6

�

− 1

2
gð0; sÞ

�
C3 þ

4

3
C4 þ 16C5 þ

64

3

�

þ 4

3
C3 þ

64

9
C5 þ

64

27
C6; (5)

where the function gðmi; sÞ includes the one-loop correc-
tion to the four-quark operators O1;……O6 and has the
form [60,61]
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gðmi; sÞ ¼
8

27
− 8

9
lnðmiÞ þ

4

9
yi

− 2

9
ð2þ yiÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
j1 − yij

p

×

8>>><
>>>:

�
ln

����
ffiffiffiffiffiffiffi
1−yi

p
þ1ffiffiffiffiffiffiffi

1−yi
p −1

���� − iπ

�
; for yi ≤ 1

2 arctan 1ffiffiffiffiffiffiffi
yi−1

p ; for yi > 1;
(6)

where y≡ 4m2
i =s. C

res
9 can be parametrized by using the

Breit-Wigner formula in the following way

Cres
9 ¼ − 3π

α2
κ½3C1 þ C2 þ 3C3 þ C4 þ 3C5

þ C6�
X
V¼ψ

mVBrðV → lþl−ÞΓV
total

s −m2
V þ imVΓtotalV

: (7)

As stated in the introduction, due to the presence of
off-diagonal couplings in the Z0 model, FCNC transitions
can occur at the tree level. In this regard, to reduce the
number of parameters, the Z-Z0 mixing and the inter-
action of a right-handed quark with Z0 are usually
ignored [62]. Therefore, the Z0 boson contribution
modifies only the Wilson coefficients C9 and C10.
With these assumptions, the additional part of the
effective Hamiltonian due to the Z0 contribution can be
written as follows [63,47,64,65]

HZ0
eff ¼ −2GFffiffiffi

2
p s̄γμð1− γ5Þb

×Bsb½−SL
lll̄γ

μð1− γ5Þl−SR
lll̄γ

μð1þ γ5Þl� þH:c;

(8)

where Bsb is the off diagonal left-handed coupling of Z0
boson with quarks and SL

ll and S
R
ll represent the left- and

right-handed couplings of Z0 boson with leptons, respec-
tively. It is noted here that if a new weak phase ϕsb is
introduced in the off-diagonal coupling Bsb then this
coupling would read Bsb ¼ jBsbje−iϕsb . One can also
write the above equation in the following way

HZ0
eff ¼ − 4GFffiffiffi

2
p VtbV�

ts½ΛsbCZ0
9 O9 þ ΛsbCZ0

10O10� þ H:c:; (9)

where

Λsb ¼
4πe−iϕsb

αV�
tsVtb

; CZ0
9 ¼ jBsbjSLL; CZ0

10 ¼ jBsbjDLL;

SLL ¼ −ðSL
ll þ SR

llÞ; DLL ¼ SL
ll − SR

ll: (10)

Thus, to include the Z0 into the picture, one has to make
the following replacements in the Wilson coefficients C9

and C10, while, C7 remains unchanged,

Ctot
9 ¼ Ceff

9 þ ΛsbCZ0
9 ; Ctot

10 ¼ C10 þ ΛsbCZ0
10: (11)

The matrix elements in Eq. (3) can be parametrized in
terms of form factors as follows [66–72]

hK�ðk; εÞjs̄γμð1� γ5ÞbjBðpÞi

¼ ∓iqμ
2mK�

s
ε� · q½A3ðsÞ − A0ðsÞ�

� iε�μðmB þmK� ÞA1ðsÞ∓iðpþ kÞμε� · q
A2ðsÞ

ðmB þmK�Þ

− εμνλσpλqσ
2VðsÞ

ðmB þmK�Þ ; (12)

hK�ðk; εÞjs̄iσμνqνð1� γ5ÞbjBðpÞi
¼ 2εμνλσpλqσF1ðsÞ
� ifε�μðm2

B −m2
K� Þ − ðpþ kÞμε� · qgF2ðsÞ

� iε� · q
�
qμ − ðpþ kÞμ

ðm2
B −m2

K� Þ
�
F3ðsÞ: (13)

Contracting above equation by qμ and using the equation
of motion, the form factors A3ðsÞ can be expressed in terms
of the A1ðsÞ and A2ðsÞ form factors as follows

A3ðsÞ ¼
mB þmK�

2mK� A1ðsÞ −mB −mK�

2mK� A2ðsÞ: (14)

These seven independent form factors VðsÞ, A1ðsÞ, A2ðsÞ,
A0ðsÞ, F1ðsÞ, F2ðsÞ, and F3ðsÞ are scalar functions of the
square of the momentum transfer s ¼ q2 ¼ ðp − kÞ2 and are
nonperturbative quantities. In addition, these form factors are
the main source of hadronic uncertainties and have been
calculated with different nonperturbative methods such as
lattice QCD, quark model (QM) [73], perturbative QCD
(PQCD) [74], and light cone-QCD sum rules (LCSROld)
[48], etc. In this regard, to get some rough estimate of how
much the double lepton polarization asymmetries are de-
pendent on the choice of the form factors we calculate their
average values by using different form factors calculations.
However, to extract the information about new physics, we
rely on the LCSRNew [75] form factors. These form factors
can be parameterized in terms of the square of the momen-
tum transfer as follows. For LCSRNew

fðsÞ ¼ a1
1− s=m2

R
þ a2
1− s=m2

fit

for V;A0 and T1 (15)
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fðsÞ ¼ a1
1− s=m2

fit

þ a2
ð1− s=m2

fitÞ2
for A2 and ~T3

(16)

fðsÞ ¼ a1
1 − s=m2

fit

for A1 and T2 (17)

where

~T3 ¼ T2 þ T3

�
s

m2
B −m2

K�

�
:

For LCSROld

fðsÞ ¼ fð0Þexp
�
a1

s
m2

B
þ a2

�
s
m2

B

�
2
�
: (18)

For QM

fðsÞ¼ fð0Þ
ð1−s=M2Þð1−a1s=M2þa2s2=M4ÞforV;A0 and T1;

(19)

fðsÞ ¼ fð0Þ
ð1 − a1s=M2 þ a2s2=M4Þ forA1; A2; T2 and T3;

(20)

where M ¼ mB for A0 and M ¼ mB� for V, A0, T1.
For the sake of completeness, the values of fðsÞ at s ¼ 0
and a1, a2, M, mfit and mR are listed in Table I and II. For
PQCD-I(II), Eq. (19) is used for all form factors. It isworthwhile
to mention here that in the literature, FCNC decays have also
been studied in the context of the soft collinear effective theory
(SCET) at lowq2 (regionR1 in our case) and of amore standard
operator product expansion at large q2 (region R3 in our case)
[76,77]. These approaches are more accurate as they properly
take into account thematrix element of operators other thanO7,
O9, and O10.
Now by inserting the matrix elements which are para-

metrized in terms of the form factors Eqs. (12) and (13) into
expression (3), the decay amplitude for B → K�lþl− can be
written as

M ¼ αGF

4
ffiffiffi
2

p
π
V�
tbVts½l̄γμð1 − γ5Þl × f−2Aεμνλσε

�kλqσ − iB1ε
�
μ þ iB2ε

� · qðpþ kÞμ þ iB0ε
� · qqμg

þ l̄γμð1þ γ5Þl × f−2Cεμνλσε�kλqσ − iD1ε
�
μ þ iD2ε

� · qðpþ kÞμ þ iD0ε
� · qqμg�; (21)

where the last term in the first line of the above equation
will survive only for l̄γμγ5l due to the fact that qμðl̄γμγ5lÞ ¼
2mðl̄γ5lÞ and will vanish for l̄γμl because of qμðl̄γμlÞ ¼ 0.
The auxiliary functions A, C, B1, D1, B2 D2, B0,
and D0, contain both long and short distance physics
which are encapsulated in the form factors and in the
Wilson coefficients, respectively, and can be written as
follows.

A¼ 2CLL
VðsÞ

ðmBþmK� Þ þ 4mbC7

F1ðsÞ
s

;

B1 ¼ 2CLLðmBþmK�ÞA1ðsÞ þ 4mbC7ðm2
B −mK� ÞF2ðsÞ

s
;

B2 ¼ 2CLL
A2ðsÞ

ðmBþmK� Þ þ 4
mbC7

s

×

�
F2ðsÞ þ

s
ðm2

B −mK� ÞF3ðsÞ
�
;

B0 ¼ 2mk�
ðA3 −A0Þ

s
− 4mbC7ðm2

B −mK� ÞF3ðsÞ
s

;

C ¼AðC→
LLCLRÞ D1 ¼ B1ðCLL → CLRÞ;

D2 ¼ B2ðC→
LLCLRÞ D0 ¼ B0ðCLL → CLRÞ; (22)

where

CLL ¼ Ctot
9 − Ctot

10; CLR ¼ Ctot
9 þ Ctot

10:

III. PHYSICAL OBSERVABLES

Now we have all the ingredients to calculate the physical
observables. The double differential decay rate is given by [78]

TABLE I. The LCSRNew B → K� form factors where fð0Þ
denotes the value of form factors at s ¼ 0 while a1, a2, mR, and
mfit are the parameters in the parametrizations shown in Eq. (18).
The typical error in these form factors is 10% which can be
reduced up to 6–7%; however, as a conservative estimate we have
taken 10% uncertainty in these form factors [75].

fðsÞ fð0Þ a1 a2 m2
R m2

fit

VðsÞ 0.411 0.923 −0.511 m2
1− 49.40

A1ðsÞ 0.292 � � � 0.290 � � � 40.38
A2ðsÞ 0.259 −0.084 0.342 � � � 52
A0ðsÞ 0.374 1.364 −0.990 m2

0− 36.78
F1ðsÞ 0.333 0.823 −0.491 m2

1− 46.31
F2ðsÞ 0.333 � � � 0.333 � � � 41.41
F3ðsÞ 0.333 −0.036 0,368 � � � 48.10
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d2ΓðB → K�lþl−Þ
d cos θds

¼ 1

2mB

β
ffiffiffi
λ

p

ð8πÞ3 jMj2; (23)

where β≡
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

s

q
and λ≡m4

B þm4
k� þ s − 2m2

Bm
2
k�−

2m2
Bs − 2m2

k�s. By using the expression of the decay

amplitude given in Eq. (21) one can get the expression of
the dilepton invariant mass spectrum as

dΓðB → K�lþl−Þ
ds

¼ G2
Fα

2mB

214π
5 jVtbV�

tsj2
β

ffiffiffi
λ

p

ð8πÞ3Δ; (24)

where

Δ ¼ 4ð2m2 þ sÞ
�
8λ

3
jAj2 þ 12m2

K�sþ λ

3m2
K�s

jB1j2 − ðm2
B −m2

K� − sÞ
3m2

K�s
ReðB1B�

2Þ þ
λ

3m2
K�s

jB2j2
�

þ 32λ

3
ðs − 4m2ÞjCj2 þ

�
4λð2m2 þ sÞ

3m2
K�s

þ 16ðs − 4m2Þ
�
jD1j2

− 4λ

3m2
K�s

�
½ð2m2 þ sÞðm2

B −m2
K�Þ þ sðs − 4m2Þ�ReðD1D�

2Þ þ ½6m2sð2m2
B þ 2m2

K� − sÞ

þ λð2m2 þ sÞ�jD2j2 þ
8m2λ

m2
K�

ðm2
B −m2

K� ÞReðD2D�
0Þ − 8m2λ

m2
K�

jD0j2
�
: (25)

A. Double lepton polarization asymmetries

In this section we will compute the lepton polarization
asymmetries in the B → K�lþl−, i.e., the asymmetries
when both of the leptons are simultaneously polarized,
namely, the double lepton polarization asymmetries. For
this purpose we first define the six orthogonal vectors
belonging to the polarization of l− and lþ which we denote
here by Si and Wi, respectively, where i ¼ L, N, and T
corresponding to longitudinally, normally, and transver-
sally polarized lepton l�, respectively. [79,80]

SμL ≡ ð0; eLÞ ¼
�
0;

p−
jp−j

�
; (26)

SμN ≡ ð0; eNÞ ¼
�
0;

k × p−
jk × p−j

�
; (27)

SμT ≡ ð0; eTÞ ¼ ð0; eN × eLÞ; (28)

Wμ
L ≡ ð0;wLÞ ¼

�
0;

pþ
jpþj

�
; (29)

Wμ
N ≡ ð0;wNÞ ¼

�
0;

k × pþ
jk × pþj

�
; (30)

Wμ
T ≡ ð0;wTÞ ¼ ð0;wN × wLÞ; (31)

where pþ, p−, and k denote the three momenta vectors of
the final particles lþ, l−, and K�, respectively. The
polarization vectors Sμi ðWμ

i Þ in Eqs. (26) to (30) are defined
in the rest frame of l−ðlþÞ. When we apply a Lorentz boost
to bring these polarization vectors from the rest frame of
l−ðlþÞ to the center of mass frame of lþ and l−, only the
longitudinal polarization four vector gets boosted while the
other two polarization vectors remain unchanged. After this
operation the longitudinal four vectors read

TABLE II. B → K� form factors where fð0Þ denotes the value of form factors at s ¼ 0 with extrapolating variables a1 and a2 in
parametrization formula given in Eqs. (18–20) in different QCD approaches.

fðsÞ
LCSROld QM PQCD-I PQCD-II

fð0Þ a1 a2 fð0Þ a1 a2 fð0Þ a1 a2 fð0Þ a1 a2

VðsÞ 0.47 1.482 1.015 0.38 0.66 0.30 0.355 −1.802 0.879 0.332 −1.721 0.744
A0ðsÞ 0.471 1.505 0.710 0.37 0.60 0.16 0.407 −1.282 0.249 381 −1.228 0.148
A1ðsÞ 0.337 0.602 0.258 0.29 0.86 0.60 0.266 −1.034 0.514 0.248 −0.289 0.166
A2ðsÞ 0.282 1.172 0.567 0.26 1.32 0.54 0.202 −1.906 1.168 0.189 −1.801 0.993
T1ðsÞ 0.379 1.510 1.030 0.32 0.66 0.31 0.315 −1.749 0.816 0.294 −0.721 0.202
T2ðsÞ 0.379 0.517 0.426 0.32 0.98 0.90 0.315 −0.975 0.632 0.193 −1.677 0.794
T3ðsÞ 0.260 1.129 1.128 0.23 1.42 0.62 0.207 −1.777 0.964 −0.000 0.001 0.001
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SμL ¼
�jp−j

m
;
Elp−
mjp−j

�
; (32)

Wμ
L ¼

�jpþj
m

;− Elpþ
mjpþj

�
: (33)

To obtain the polarization asymmetries one can use the spin
projector 1

2
ð1þ γ5SÞ for l− and for the lþ, the spin projector

is 1
2
ð1þ γ5WÞ.

As we have all the technical tools in our hand, we are in a
position to define all the possible lepton polarization
asymmetries. Here first we write the single lepton polari-
zation asymmetries formula which is given in [81,82]

P�
i ¼

dΓðs�¼îÞ
ds − dΓðs�¼−îÞ

ds
dΓðs�¼îÞ

ds þ dΓðs�¼−îÞ
ds

; (34)

where î denotes the unit vector along L, N, and T and s� is
the spin direction of l�. The relation between the polarized
and unpolarized invariant dilepton mass spectrum for the
B → K�lþl− reads

dΓðs�Þ
ds

¼ 1

2

�
dΓ
ds

�
½1þðPLeLþPNeN þPTeTÞ · s��: (35)

Besides the single lepton l polarization asymmetries,
the asymmetries when both leptons are simultaneously
polarized, namely, the double lepton polarization asym-
metries can also be observed. Therefore, with three single
lepton polarization asymmetries we have nine more
double polarization asymmetries which can be helpful
to put more strict tests on the SM and to extract possible
NP. The double lepton polarization asymmetries read
[82,81]:

Pij ¼
½dΓðsþ¼î;s−¼ĵÞ

ds − dΓðsþ¼î;s−¼−ĵÞ
ds � − ½dΓðsþ¼−î;s−¼ĵÞ

ds − dΓðsþ¼−î;s−¼−ĵÞ
ds �

½dΓðsþ¼î;s−¼ĵÞ
ds þ dΓðsþ¼î;s−¼−ĵÞ

ds � þ ½dΓðsþ¼−î;s−¼ĵÞ
ds þ dΓðsþ¼−î;s−¼−ĵÞ

ds �
: (36)

By using the decay rate which is given in Eq. (24) with the polarization vectors defined in Eqs. (26)–(33), we get the
following expressions for the double lepton polarization asymmetries

PLLðsÞ ¼ ð2m2 − sÞ
�
32λ

3
jAj2 þ 16λ

3m2
K�s

ð12m2
K�sþ λÞjB1j2 þ

4λ2

3m2
K�

jB2j2
�

þ 32λ

3
ð4m2 − sÞjCj2 þ 4λ½2m2f6ð−m2

B þm2
K� þ sÞ2 − λg − sð12m2

K�sþ λÞ
3m2

K�s
�jD1j2

þ 2λf6m2ðm2
B −m2

K� Þ2 þ λð4m2 − sÞg
3m2

K�s
jD2j2 þ

8m2sλ
m2

K�
jD0j2 þ

2λ

3m2
K�

ð2m2 − sÞReðB1B�
2Þ

− 8m2sλ
m2

K�
ReðD1D�

0Þ þ
8m2λðm2

B −m2
K� Þ

m2
K�

ReðD2D�
0Þ þ 2m2λf10ðm2

B þm2
K� þ sÞ

− sð6þm2
B −m2

K� − sÞgReðD1D�
2Þ; (37)

PLNðsÞ ¼
πm

ffiffiffi
λ

p

m2
K�

ffiffiffi
s

p ½ð−m2
B þm2

K� þ sÞfImðB1D�
1Þ − ðm2

B −m2
K�ÞImðB1D�

2Þ þ sImðB1D�
0g þ λImðB2D�

1Þ

þ λðm2
B −m2

K� ÞImðB2D�
2Þ þ sλImðB2D�

0Þ�; (38)

PLTðsÞ ¼ 4πm
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λðs − 4m2Þ

q �
ReðAD�

1Þ þReðB1C�1Þ þ
ð−m2

B þm2
K� þ sÞ

m2
K�s

½jD1j2 − s
2
ReðD1D�

0Þ�

− λðm2
B −m2

K�Þ
2m2

K�s
jD2j2 þ

2λþ sðm2
B þm2

K� − sÞ
4m2

K�s
ReðD1D�

2Þ − λ

4m2
K�

ReðD2D�
0Þ
�
; (39)
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PTLðsÞ ¼ −4πm
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λðs − 4m2Þ

q �
ReðAD�

1Þ þReðB1C�1Þ þ
ðm2

B −m2
K� − sÞ

2m2
K�s

½jD1j2 − s
2
ReðD1D�

0Þ�

− 2λþ sðm2
B þm2

K� − sÞ
4m2

K�s
ReðD1D�

2Þ þ
λðm2

B −m2
K� Þ

2m2
K�s

jD2j2 þ
λ

4m2
K�

ReðD2D�
0Þ
�
; (40)

PNLðsÞ ¼ −PLNðsÞ; (41)

PNNðsÞ ¼
16λ

3
ðs − 4m2ÞðjAj2 − jCj2Þ −

�
4λð2m2 þ sÞ

3m2
K�

− 16m2

�
jB1j2

þ 4λ

3m2
K�

½ð2m2 þ sÞfðm2
B −m2

K� − sÞReðB1B�
2Þ þ jD1j2g þ fðm2

B −m2
DÞð2m2 þ sÞ

þ sðs − 4m2ÞgReðD1D�
2Þ − 6m2sReðD1D�

0Þ þ f6m2sð2m2
B þ 2m2

K� − sÞ þ λð2m2 þ sÞgjD2j2
þ 6m2sðm2

B −m2
K� ÞReðD2D�

0Þ þ 6m2s2m2
K� jD0j2�; (42)

PNTðsÞ¼ λ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s−4m2

p �
16

3
ImðAC�1Þ− 4

3m2
K�

ffiffiffi
s

p fImðB1D�
1Þ− ðm2

B−m2
K� − sÞðImðB1D�

2ÞþImðB2D�
1ÞÞ− λImðB2D�

2Þg
�
;

(43)

PTNðsÞ ¼ −PNTðsÞ; (44)

PTTðsÞ ¼
16λ

3
½ð4m2 þ sÞjAj2 þ ð4m2 − sÞjCj2� þ

�
16m2 − 2λðs − 2m2Þ

3m2
K�s

�
jB1j2

þ 4λ

3m2
K�s

½ðs − 2m2Þðm2
B −m2

K� − sÞReðB1B�
2Þ − λðs − 2m2ÞjB2j2 þ ðs − 10m2ÞjD1j2

þ fð10m2 − sÞðm2
B −m2

K� Þ − sð4m2 − sÞgReðD1D�
2Þ þ 6m2sReðD1D�

0Þ
þ fλðs − 10m2Þ − 6m2sð2m2

B þ 2m2
K� − sÞgjD2j2 − 6m2sðm2

B −m2
K�ÞReðD2D�

0Þ − 6m2s2jD0j2�: (45)

It is important here to mention that the SM expression
obtained for the lepton polarization asymmetries match the
results of Ref. [83]. It is noted here that the explicit
expressions of double lepton polarization asymmetries
listed in Eqs. (37–45), respectively, are functions of s
and at the Z0 model’s parameters Bsb, SLL, DLL, and ϕsb.
Now, to see the explicit dependence on the new physics
parameters we have to integrate these polarization asym-
metries over s to obtain the average values of these
asymmetries. Therefore, we also calculate the averaged
asymmetries by using the following formula

hPii ¼
R ðm2

B−m2
k� Þ

4m2 Pi
dΓ
ds dsR ðm2

B−m2
k� Þ

4m2
dΓ
ds ds

: (46)

IV. PHENOMENOLOGICAL ANALYSIS
AND DISCUSSION

In this section we present the new physics effects on the
various lepton polarization asymmetries. Before we start
the phenomenological analysis, first we want to give
numerical values of the different parameters which are
involved in the calculation of the polarization asymmetries.
For this purpose the form factors of B → K� are given in
Table I and II. The masses and other parameters are listed in
Table III and the SM Wilson coefficients at μ ¼ mb are
given in Table IV.
Now to pursue the investigation of Z0 effects in the lepton

polarization asymmetries for B → k�lþl−, it is interesting
to see how much these lepton polarization asymmetries are
affected by the particular choice of the form factors. To
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achieve this purpose, we have chosen four form factors,
namely (i) LCSRNew (ii) LCSROld (iii) PQCD(I&II), and
(iv) QCD and tabulated the average values of double lepton
polarization asymmetries in Tables VII VIII within the SM
and XI X&XI with (without) including the long distance
effects in Z0 model. From these average values one can see
that results from PQCD(I&II) overlap but differ from QM
and LCSR results which are close to each other, so, in
general, we can say that some of these lepton polarization

asymmetries are sensitive to the choice of the form factors.
However, to analyze the new physics effects of Z0 on these
asymmetries, we rely on the latest results of light cone
QCD sum rules (LCSR) form factors and, for the com-
parison, their average values are also calculated using
PQCD(I&II)
It is worthwhile to mention that in Figs. 1 and 2, the thick

solid line corresponds to the SM value of the polarization
asymmetries. Here one can notice that the uncertainty in the
values of the asymmetries due to the hadronic form factors
are negligible. Yellow and pink regions depict the variation
in the values of the asymmetries when Z0 boson effects are
taken into account and for these regions the values of
different parameters of Z0 model are described in the chart
given below. Similarly, the corresponding values of Z0
parameters for the color region scheme of the graphs of
average values hPiji presented in Figs. 3–6 are listed in
Table V.

color Regions for Figs. 1 × and 2

s-dependence graphs ϕsb SLL DLL BL
sb

Yellow −75∘ − −65∘ −6.7 −þ1.1 −9.3 − −4.1 þ1.31 −þ0.87

Pink −86∘ − −78∘ −2.6 −þ0.2 −2.34 − −1.6 þ2.35 −þ2.05

A. New physics in double lepton polarization
asymmetry

To see how much lepton polarization asymmetries are
impacted by an extra Z0 gauge boson, we have plotted these
lepton polarization asymmetries against the square of the
momentum transfer s in Figs. 1a–1f and in Figs. 2a–2g for
muons and taus, respectively. In these plots we have chosen
the numerical values of coupling parameters of the Z0

model within the ranges of two different fits of Bs-B̄s

mixing data by the UTfit collaboration [86] that are listed in
Table VI. As we have mentioned earlier, the value of these
polarization asymmetries are negligibly effected from the
uncertainties in the hadronic form factors, therefore, these
uncertainties do not preclude us to see the NP effects of an
extra gauge boson in these asymmetries. To get more
insight about the variation in the values of various lepton

polarization asymmetries due to the presence of an extra
gauge boson, we have also computed their average values
and have plotted these values against SLL (DLL) in
Figs. 3 (4) for muons and in Figs. 5 (6) for taus. In
addition, in Tables VII (VIII) we present the average
values of these asymmetries in the SM calculated using
the central values of the form factors and without (with)
the inclusion of long distance effects. Similarly, the
numerical values of hPiji in Z0 model without including
LD effects are given in Tables XI while the results
obtained including LD effects are given in Tables X and
XI. In these tables, scenarios I and II are taken from
Ref. [87] which presents the allowed Z0 parameters’
ranges to get the smallest values of BðB̄ → ϕμþμ−Þ and
AFBðB̄ → ϕμþμ−Þ, respectively. For completeness and
convenience these scenarios are given below

Bsb ¼ 1.31; φsb ¼ −65∘; SLL ¼ −2; DLL ¼ −4 Scenario I

Bsb ¼ 1.31; φsb ¼ −65∘; SLL ¼ 1.1; DLL ¼ −9.3 Scenario II

TABLE III. Default values of input parameters used in the
calculations [84].

mB ¼ 5.28 GeV, mb ¼ 4.28 GeV, mμ ¼ 0.105 GeV,
mτ ¼ 1.77 GeV, fB ¼ 0.25 GeV, jVtbV�

tsj ¼ 45 × 10−3,
mB� ¼ 5.37, α−1 ¼ 137, GF ¼ 1.17 × 10−5 GeV−2,
τB ¼ 1.54 × 10−12 sec, mK� ¼ 0.892 GeV.

TABLE IV. The Wilson coefficients Cμ
i at the scale μ ∼mb in the SM [85].

C1 C2 C3 C4 C5 C6 C7 C9 C10

1.107 −0.248 −0.011 −0.026 −0.007 −0.031 −0.313 4.344 −4.669
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FIG. 1 (color online). The dependence of double lepton polarization asymmetries for the decay B → K�ð892Þlþl− on s. The first
column for the μþμ− and the second column for the τþτ−. Dashed, dashed dotted, and dashed double dotted correspond to curves with
Bsb ¼ 1.31, DLL ¼ −9.3, SLL ¼ −6.3, −3, þ1.1, and φsb ¼ −79∘, −72∘, −65∘, respectively. Dashed triple dotted line correspond to
Bsb ¼ þ2.05, DLL ¼ −1.16, SLL ¼ þ0.2, and ϕsb ¼ −78∘. Solid lines represent the SM values of the asymmetries and features of the
other color regions are described in the text just above Table V.
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FIG. 2 (color online). Legends are the same as in Fig. 1 but for double lepton polarization asymmetries Pij when taus are the final state
leptons.
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To determine the average values of hPiji with long
distance effects, we have included only two resonances,
namely J=ψ and ψ 0, and introduced three regions Ri as
discussed in [88].
For l ¼ μ

R1∶ 2mμ ≤
ffiffiffi
s

p
≤ MJ=ψ − 0.20;

R2∶ MJ=ψ þ 0.04 ≤
ffiffiffi
s

p
≤ Mψ 0 − 0.10;

R3∶ Mψ 0 þ 0.02 ≤ s ≤ mBs
−mK� :

For l ¼ τ, region R3 is similar but R2 becomes

R2∶ 2mτ ≤
ffiffiffi
s

p
≤ Mψ 0 − 0.10.

Now we begin to discuss the phenomenological analysis
of the impact of the Z0 model on the double lepton
polarization asymmetries and their average values denoted
by Pij and hPiji, respectively, for B → K�lþl− decays,
where l ¼ μ, τ. Before beginning, it should be noted here
that PNT ¼ −PTN and PLN ¼ −PNL. It is also found that
the SM values of PTN for both muons and taus and PLN
only for muons are tiny to measure but these values get
large in the presence of the Z0 boson; therefore, any
measurement of these asymmetries is clear evidence of
new physics. However, the other double lepton polarization
asymmetries that are sensitive to NP are discussed in the
following.
(i) The double lepton polarization asymmetry PLL as a

function of s in the SM and in the Z0 model by using

FIG. 3 (color online). The dependence of average values of double lepton polarization asymmetries hPiji for the decay B →
K�ð892Þlþl− on SLL in S1 and S2, for the μþμ− case. Solid line represents the SM value of asymmetry and features of the other color
regions are described in the text above in Table V.
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different values of new physics parameters with and
without resonance effects is shown in Figs. 1a and 2a
for the case of muons and taus, respectively. It can
easily be seen from Fig. 1a which is the case of muons,
that PLL is an increasing function of s, and that at high
s its value approaches one. However, the value of PLL
is almost insensitive to the new physics parameters,
therefore, it does not provide any information about
the extra gauge boson physics. On the other hand,
when taus are the final state leptons, PLL depends on
the choice of the form factors as one can see from
Table VII, where, for LCSRNeW form factors the
average value hPLLi is approximately −0.249 while
for PQCD form factors hPLLi is −0.429. Moreover,
from Fig. 2a it can also be seen that PLL is an

increasing function throughout the s region and its
value varies from þ0.06 at smin to −0.65 at smax.
Furthermore, in contrast to the case of muons, the new
physics effects are also prominent and at some values
of new physics parameters, its minimum SM value
þ0.06 at smin is enhanced up to þ0.5. However, the
maximum value at smax does not change much.

(ii) Similarly, the s dependence of PLT and PTL (for
muons) is displayed in Figs 1c and 1d, respectively.
One can find from these figures that the behavior of
these asymmetries as a function of s in the SM and in
presence of a Z0 boson is almost the same, i.e., both of
these asymmetries are a decreasing function of s. In
the presence of an extra gauge boson the maximum
value of these asymmetries is significantly shifted. As

FIG. 4 (color online). The dependence of average values of double lepton polarization asymmetries hPiji for the decay B →
K�ð892Þlþl− on DLL in S1 and S2, for the μþμ− case. Solid line represents the SM value of asymmetry and features of the other color
regions are described in the text above in Table V.
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one can see from these figures, the SM value of
PLTðTLÞ ≈ −0.15 (−0.20) is shifted to −0.32 (−0.36)
when we set Bsb ¼ þ2.05, DLL ¼ −1.16, SLL ¼
þ0.2 and ϕsb ¼ −78∘. Similarly, for the case of taus
these asymmetries as a function of s are displayed in

Figs. 2c and 2d, whereupon one can see the effects on
these asymmetries due to the extra gauge boson are
prominent throughout the s region. Furthermore, one
can deduce from Fig. 2c (2d) that the maximum value
of PTL (PLT) in the SM without including large

FIG. 5 (color online). Legends are the same as in Fig. 3 but for average double lepton polarization asymmetries hPijiwhen taus are the
final state leptons.
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distance effects is −0.3 (−0.05) and in the presence of
an extra gauge boson it raises up to −0.42 (−0.28)
with Bsb ¼ þ1.31, DLL ¼ −9.3, SLL ¼ þ1.1, and
ϕsb ¼ −65∘ (see the dashed double dotted line in
these graphs).

(iii) The average values of PLT and PTL for the case of
muons/taus are drawn in Figs. 3c, 5c (4c, 6c) and
Figs. 3e, 5e (4e, 6e) vs SLL (DLL) both for S1 and S2.
These graphs show that almost the extra gauge
boson effects on these asymmetries are decreasing

FIG. 6 (color online). Legends are the same as in Fig. 4 but for average double lepton polarization asymmetries hPijiwhen taus are the
final state leptons.
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(increasing) function of DLL (SLL) and enhance
(reduce) the values of these asymmetries. It is found
from Figs. 3c and 3e for muons [5c and 5e for taus]
that the maximum deviation from the SM value of
PLT ¼ −0.067 ½−0.281� is about 27.17% (12.42%)
[31.46%(12.19%)] for S1 (S2) at SLL ¼ −0.05 while
for PTL ¼ −0.043 ½−0.02� the maximum deviation is
about 47.56% (28.33%) [91.30% (77.78%)] for S1
(S2) at SLL ¼ þ1.1 (SLL ¼ þ0.2). Similarly, one can
notice from Figs. 4c and 4e for muons [6c and 6e for
taus] that the maximum deviation in the value of PTL is
27.17% (18.29%) [28.20% (13.85%)] at DLL ¼ −9.3
(−3.4) and for PTL the maximum deviation is 47.56%

(35.82%) [91.30% (84.61%)] for S1 (S2). One can
also see the sensitivity of these observables on the
choice of form factors from Table VII.

(iv) From the new physics point of view of an extra gauge
boson Z0 model, PTN is also very sensitive as we have
plotted these asymmetries in Figs. 1b and 2b for the
case of muons and taus, respectively, as a function of s
in SM and in the Z0 model. It is already mentioned
above that in the SM, the values of these asymmetries
are not in a measurable range, thereupon, measure-
ment of these asymmetries provide a clear signature of
new physics. Furthermore, in the context of an extra
gauge boson one can immediately see by these graphs,
particularly for the case of muons, that in the low s
region the effects are more prominent and approx-
imately at 8 GeV2 its value reaches up to ≈þ 0.45.
Additionally, the magnitude of these asymmetries also
provide some stringent constraints on the different
parameters of the Z0 model. For instance, the value of
PTN for the case of muons changes roughly from 0 to
þ0.5 in the region 1 ≤ s ≤ 5 GeV2 for different values
of the Z0 model parameters.

(v) The explicit dependence of the average values of PTN
on SLL andDLL for muons (taus) with the whole range
of new weak phase ϕsb and Bsb are also presented in
Figs. 3b 5b and 4b 6b, respectively, both for S1 and
S2. Whereupon, it can be seen that, though the
change in the values of PTN for taus in the presence
of a Z0 boson is approximately one order of magnitude
smaller than the case of muons, this deviation is
still in a measurable range. For example one can
see from Figs. 3b and 4b for muons that the maximum
value of hPTNi in the Z0 model is around þ0.20
while from Figs. 5b and 6b for taus, it is around
þ0.016.

(vi) Similar to the case of PTN , PLN for muons is also very
tiny in the SM and is significantly affected for various
values of the Z0 model’s parameters. One can see from
Fig. 1g for the case of muons as final state leptons that
the value of PLN in the low s region raises up toþ0.10
due to the influence of the Z0 boson. In the same way

TABLE V. Color region scheme for Figs. hPiji vs SLL andDLL.

Color
Region ϕsb Bsb

hPii and
hPiji vs SLL DLL

hPii and
hPiji vs DLL SLL

Blue
−79∘
−65∘ þ1.31 −9.3 −6.7

Red
−86∘
−78∘ þ2.35 −2.34 −2.6

Yellow
−79∘
−65∘ þ0.87 −9.3 −6.7

Black
−86∘
−78∘ þ2.05 −2.34 −2.6

Green
−79∘
−65∘ þ1.31 −4.1 þ1.1

Brown
−86∘
−78∘ þ2.35 −1.16‘ þ0.2

Pink
−79∘
−65∘ þ0.87 −4.1 þ1.1

Purple
−86∘
−78∘ þ2.05 −1.16 þ0.2

TABLE VI. The numerical values of the Z0 parameters [14,86].

ReðBsbÞ × 10−3 φsbðin DegreeÞ SLL × 10−2 DLL × 10−2

S1 1.09� 0.22 −72� 7 −2.8� 3.9 −6.7� 2.6
S2 2.20� 0.15 −82� 4 −1.2� 1.4 −2.5� 0.9

TABLE VII. Numerical values of hPiji in the SM without long distance (LD) effects.

hPiji
LCSRNew LCSROld QM PQCD-I and II

μþμ− τþτ− μþμ− τþτ− μþμ− τþτ− μþμ− τþτ−

hPLLi −0.970 −0.249 −0.968 −0.259 −0.976 −0.337 −0.975 −0.429
hPLNi 0.001 0.060 0.001 0.057 0.002 0.053 0.000 0.041
hPNLi −0.001 −0.057 −0.001 −0.057 −0.002 −0.053 −0.000 −0.041
hPLTi −0.067 −0.281 −0.075 −0.293 −0.062 −0.280 −0.083 −0.158
hPTLi −0.045 −0.018 −0.056 −0.015 −0.042 −0.016 −0.086 −0.046
hPTTi 0.011 −0.004 0.010 −0.010 0.013 0.027 0.089 0.034
hPNNi 0.004 −0.054 0.006 −0.057 0.008 −0.122 0.076 −0.319
hPTNi 0.006 0.002 0.004 0.003 0.004 0.002 0.000 0.001
hPNTi −0.004 −0.003 −0.004 −0.003 −0.004 −0.002 −0.000 −0.001
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for the case of taus, which is described in Fig. 2g, the
maximum SM value of PLN is aboutþ0.07 at s ¼ 4m2

τ

and at the same value of s, due to the presence of extra
gauge Z0 boson, it is increased up to þ0.4
when we set the values of model’s parameters
as Bsb ¼ þ1.1, DLL ¼ −9.3, SLL ¼ þ1.1 and
ϕsb ¼ −65∘. Similar to the other asymmetries, the
direct dependence on SLL ðDLLÞ of the average values

of PLN with different values of Bsb and ϕsb for the case
of muons and taus are shown in Figs. 3a (4a) and 5g
6g, respectively. It can be found out from these
pictures that for the case of muons the value of
hPLNi fluctuates between the values −0.013
andþ0.033 for the different values of new physics
parameters while for taus, as final state leptons, the
value of hPLNi fluctuates between −0.04 and þ0.33.

TABLE VIII. Numerical values of hPiji in the SM with long distance (LD) effects.

hPiji
LCSRNew LCSROld QM PQCD-I(II)

R1 R2 R3 R1 R2 R3 R1 R2 R3 R1 R2 R3

hPLLi μþμ− −0.939 −0.996 −0.997 −0.939 −0.996 −0.997 −0.945 −0.996 −0.998 −0.930 −0.998 −0.999
τþτ− � � � −0.016 −0.237 � � � −0.012 −0.262 � � � −0.066 −0.354 � � � −0.216 −0.488

hPLNi μþμ− −0.001 0.005 0.003 −0.001 0.005 0.003 −0.001 0.005 0.003 −0.002 0.004 0.002
τþτ− � � � 0.064 0.077 � � � 0.063 0.071 � � � 0.062 0.068 � � � −0.052 −0.052

hPNLi μþμ− 0.001 −0.005 −0.003 0.001 −0.005 −0.003 0.001 −0.005 −0.003 0.002 −0.004 −0.002
τþτ− � � � −0.064 −0.077 � � � −0.063 −0.071 � � � −0.062 −0.068 � � � 0.052 0.052

hPLTi μþμ− −0.091 −0.054 −0.037 −0.102 −0.056 −0.037 −0.091 −0.050 −0.032 −0.095 −0.036 −0.019
τþτ− � � � −0.088 −0.351 � � � −0.095 −0.364 � � � −0.093 −0.347 � � � −0.065 −0.212

hPTLi μþμ− −0.085 −0.022 −0.008 −0.098 −0.025 −0.008 −0.086 −0.022 −0.007 −0.102 −0.024 −0.009
τþτ− � � � −0.011 −0.062 � � � −0.015 −0.058 � � � 0.015 −0.057 � � � −0.026 −0.086

hPTTi μþμ− 0.0002 0.004 −0.005 −0.006 0.004 −0.005 −0.009 0.027 0.018 0.039 0.128 0.091
τþτ− � � � −0.079 −0.065 � � � −0.115 −0.064 � � � −0.075 −0.012 � � � −0.096 0.052

hPNNi μþμ− −0.017 0.005 −0.005 −0.015 0.006 −0.005 −0.021 0.028 0.018 0.022 0.128 0.091
τþτ− � � � −0.082 0.029 � � � −0.060 0.021 � � � −0.172 −0.044 � � � −0.490 −0.201

hPTNi μþμ− 0.005 −0.025 −0.004 0.006 −0.023 −0.004 0.005 −0.033 −0.014 0.008 −0.081 −0.050
τþτ− � � � −0.002 −0.002 � � � −0.002 −0.002 � � � −0.003 −0.008 � � � −0.009 −0.032

hPNTi μþμ− −0.005 0.025 0.004 −0.006 0.023 0.004 −0.005 0.033 0.014 −0.008 0.081 0.050
τþτ− � � � 0.002 0.002 � � � 0.002 0.002 � � � 0.003 0.008 � � � 0.009 0.032

TABLE IX. Numerical values of hPiji in the Z0 model without including LD effects.

UsingLCSRNew

hPiji Decay Channel Scenario-I Scenario-II

jBsbj ¼ 1.31, ϕsb ¼ −79∘ jBsbj ¼ 0.87, ϕsb ¼ −65∘
DLL ¼ 0,
SLL ¼ −6.7

DLL ¼ −9.3,
SLL ¼ 0

DLL ¼ 0,
SLL ¼ 1.1

DLL ¼ −4.1,
SLL ¼ 0

hPLLi B → K�μþμ− −0.910 −0.413 −0.701 −0.467 −0.841 −0.786
B → K�τþτ− −0.456 −0.287 −0.334 −0.300 −0.465 −0.457

hPLNi B → K�μþμ− −0.009 0.029 −0.033 −0.032 0.007 0.015
B → K�τþτ− −0.017 0.300 −0.154 −0.304 0.095 0.159

hPNLi B → K�μþμ− 0.009 −0.029 0.033 0.032 −0.007 −0.015
B → K�τþτ− 0.017 −0.300 0.154 0.304 −0.095 −0.159

hPLTi B → K�μþμ− −0.009 0.029 −0.033 0.032 0.007 0.015
B → K�τþτ− −0.254 −0.388 −0.182 −0.364 −0.283 −0.317

hPTLi B → K�μþμ− −0.04 −0.082 −0.028 −0.077 −0.047 −0.056
B → K�τþτ− −0.0005 −0.230 0.004 −0.198 −0.025 −0.063

hPNNi B → K�μþμ− −0.040 0.153 −0.099 0.130 0.015 0.050
B → K�τþτ− −0.092 0.239 0.159 0.187 −0.046 0.020

hPTTi B → K�μþμ− −0.036 0.144 0.091 0.122 0.022 0.052
B → K�τþτ− 0.037 −0.264 0.102 −0.218 −0.011 −0.070

hPTNi B → K�μþμ− −0.030 0.161 −0.146 −0.179 0.029 0.084
B → K�τþτ− 0.0003 0.014 −0.005 0.015 0.003 0.007

hPNTi B → K�μþμ− 0.030 −0.161 0.146 0.179 −0.029 −0.084
B → K�τþτ− −0.0003 −0.014 0.005 −0.015 −0.003 −0.007
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(vii) The s dependence of the polarization asymmetry PNN
is drawn in Fig. 1e for muons and in Fig. 2e for taus.
These figures show that for muons (taus), PNN is a
decreasing (increasing) function of s. It is also clear
from these graphs that in both cases, the Z0 boson
effects are constructive. For instance in the case of
muons the maximum SM value of PNN ¼ þ0.35 is
enhanced up to, approximately, 41.67% on setting
Bsb ¼ þ1.31, DLL ¼ −9.3, SLL ¼ þ1.1, and

ϕsb ¼ −65∘. On the other hand, for the case of taus
with the same values of new physics parameters, the
minimum SM value of PNN at 4m2

τ , which is near zero,
is increased up to −0.45.

(viii) To check the dependency of hPNNi on the choice
of the form factors, one can see from Table VII that for
the case of muons the value is of the order of 10−2
(i.e., below the optimal region), however, when we
choose the PQCD form factors this value increase up

TABLE X. Numerical values of hPiji in the Z0 model with LD effects.

UsingLCSRNew ðRegion-R1Þ
hPiji Decay Channel Scenario I Scenario II jBsbj ¼ 1.31,ϕsb ¼ −79∘ jBsbj ¼ 0.87,ϕsb ¼ −65∘
hPLLi B → K�μþμ− −0.949 −0.944 −0.953 −0.944 −0.937 −0.941

B → K�τþτ− � � � � � � � � � � � � � � � � � �
hPLNi B → K�μþμ− −0.017 0.0513 −0.054 0.055 0.007 0.023

B → K�τþτ− � � � � � � � � � � � � � � � � � �
hPNLi B → K�μþμ− 0.017 −0.0513 0.054 −0.055 −0.007 −0.023

B → K�τþτ− � � � � � � � � � � � � � � � � � �
hPLTi B → K�μþμ− −0.086 −0.148 −0.063 −0.141 −0.092 −0.108

B → K�τþτ− � � � � � � � � � � � � � � � � � �
hPTLi B → K�μþμ− −0.073 −0.148 −0.055 −0.137 −0.088 −0.103

B → K�τþτ− � � � � � � � � � � � � � � � � � �
hPNNi B → K�μþμ− −0.096 0.272 −0.193 0.222 0.004 0.066

B → K�τþτ− � � � � � � � � � � � � � � � � � �
hPTTi B → K�μþμ− −0.085 0.253 −0.176 0.207 0.021 0.072

B → K�τþτ− � � � � � � � � � � � � � � � � � �
hPTNi B → K�μþμ− −0.058 0.302 −0.252 0.334 0.033 0.139

B → K�τþτ− � � � � � � � � � � � � � � � � � �
hPNTi B → K�μþμ− 0.058 −0.302 0.252 −0.334 −0.033 −0.139

B → K�τþτ− � � � � � � � � � � � � � � � � � �
ðRegion-R2Þ

hPLLi B → K�μþμ− −0.995 −0.995 −0.996 −0.996 −0.996 −0.996
B → K�τþτ− −0.059 0.379 −0.140 0.304 −0.006 0.078

hPLNi B → K�μþμ− −0.004 0.017 −0.019 0.018 0.009 0.012
B → K�τþτ− −0.014 0.404 −0.185 0.410 0.104 0.197

hPNLi B → K�μþμ− 0.004 −0.017 0.019 −0.018 −0.009 −0.012
B → K�τþτ− 0.014 −0.404 0.185 −0.410 −0.104 −0.197

hPLTi B → K�μþμ− −0.052 −0.057 −0.039 −0.057 −0.054 −0.057
B → K�τþτ− −0.080 −0.137 −0.058 −0.126 −0.089 −0.102

hPTLi B → K�μþμ− −0.015 −0.047 −0.012 −0.044 −0.023 −0.029
B → K�τþτ− −0.006 −0.084 −0.003 −0.072 −0.013 −0.026

hPNNi B → K�μþμ− −0.013 0.091 −0.049 0.081 0.009 0.035
B → K�τþτ− −0.122 0.354 −0.205 0.270 −0.070 0.022

hPTTi B → K�μþμ− −0.014 0.088 −0.048 0.077 0.008 0.032
B → K�τþτ− −0.033 −0.446 0.049 −0.376 −0.090 −0.167

hPNTi B → K�μþμ− −0.011 0.095 −0.086 0.103 0.041 0.065
B → K�τþτ− 0.0001 0.013 −0.005 0.014 0.003 0.006

hPTNi B → K�μþμ− 0.011 −0.095 0.086 −0.103 −0.041 −0.065
B → K�τþτ− −0.0001 −0.013 0.005 −0.014 −0.003 −0.006
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to order 10−1. Thegraphs of the averagevalue ofPNN vs
SLL ðDLLÞ are drawn in Figs. 3d 4d and 5d (6d) for
muonsand tausas final state leptons, respectively.Aswe
have already noticed fromTableVII, the value of hPNNi
is close to zero as can be seen in Figs. 3c and 3d. From
these figures one sees that due to the presence of a Z0
boson the average value eitherþve or−ve, depends on
the values of different new physics parameters. In
addition, one can also note that the maximum value
could be increased up to þ0.15 or decreased up to
−0.05. In the same way, Figs 5d and 6d (for the case of
taus) show that the maximum value could be increased
up toþ0.25 or decreased up to−0.10 (see the blue and
green shaded regions in these graphs).

(xi) In Figs. 1f and 2f, we have plotted PTT as a function of
s. It is noted that, as for PNN, PTT for μþμ− is also a
decreasing function of s. This can also be seen for the
case of muons where the new physics effects are quite
prominent at low s; at larger s, these effects become
mild and vanish for higher values of s. However, for
the case of taus these effects are prominent throughout
the available kinematic region and the minimum
SM value of PNN ¼ −0.2 is shifted to −0.55 on
setting Bsb ¼ þ1.31, DLL ¼ −9.3, SLL ¼ þ1.1, and
ϕsb ¼ −65∘. Similarly, hPTTi is plotted against SLL
(DLL) in Figs. 3f, 4f and 5f, 6f for muons and taus,
respectively, and exhibits the same kind of behavior as
hPNNi, but for the case of taus the sign of hPTTi is
opposite to hPNNi.

It is also necessary to mention here that the numerical
values of all nine double lepton polarization asymmetries in

the SM and in the Z0 model are displayed in Tables VII to
XI where one can also see the variations of these values on
different values of new physics parameters, on different
form factors, and on the inclusion/exclusion of long
distance effects.
In the last set of results from Figs. 7, 8, 9, and 10, we

present the correlation between the branching ratio of B →
K�μþμ− and various double lepton polarization asymme-
tries. It is clear from these graphs that in some parameter
space of extra gauge boson model, even if the branching
ratio is not changed significantly from its SM value, various
polarization asymmetries can show substantial variation in
their values. This feature is due to the fact that the
asymmetries dependence on Wilson Coefficients and at
the branching ratio is different and provides independent
information about new physics.
Finally, since the subject is somewhat topical, to get

more concrete we supplement our numerical results with
some qualitative estimates of the number of decay events
needed to experimentally probe their calculated effects, and
check them with the expected reach, for example, at the
CERN experiment LHCb. In this regard, at the nσ level,
the minimum number of required BB̄ pairs is given by the
following formula [89]

N ¼ n2

Bs1s2hOi ; (47)

where B is the branching ratio of the decay channel under
consideration, i.e., B → K�lþl− and s1, s2 are the
reconstruction efficiencies of the final leptons. The

TABLE XI. Numerical values of hPiji in the Z0 model with LD effects.

UsingLCSRNew ðRegion-R3Þ

hPii
Decay Channel Scenario I Scenario II

jBsbj ¼ 1.31, ϕsb ¼ −79∘ jBsbj ¼ 0.87, ϕsb ¼ −65∘
DLL ¼ 0,
SLL ¼ −6.7

DLL ¼ −9.3,
SLL ¼ 0

DLL ¼ 0,
SLL ¼ 1.1

DLL ¼ −4.1,
SLL ¼ 0

hPLLi B → K�μþμ− −0.997 −0.997 −0.997 −0.997 −0.997 −0.997
B → K�τþτ− −0.276 −0.068 −0.330 −0.093 −0.233 −0.189

hPLNi B → K�μþμ− −0.002 0.010 −0.011 0.010 0.006 0.007
B → K�τþτ− −0.037 0.270 −0.180 0.270 0.120 0.165

hPNLi B → K�μþμ− 0.002 −0.010 0.011 −0.010 −0.006 −0.007
B → K�τþτ− 0.037 −0.270 0.180 −0.270 −0.120 −0.165

hPLTi B → K�μþμ− −0.037 −0.036 −0.028 −0.036 −0.038 −0.038
B → K�τþτ− −0.311 −0.437 −0.212 −0.423 −0.350 −0.386

hPTLi B → K�μþμ− −0.005 −0.027 −0.003 −0.025 −0.010 −0.014
B → K�τþτ− −0.025 −0.305 −0.015 −0.270 −0.072 −0.121

hPNNi B → K�μþμ− −0.003 0.019 −0.011 0.017 0.001 0.007
B → K�τþτ− −0.032 0.299 −0.119 0.259 0.037 0.106

hPTTi B → K�μþμ− −0.003 0.017 −0.010 0.015 0.001 0.006
B → K�τþτ− −0.004 −0.308 0.081 −0.272 −0.071 −0.134

hPNTi B → K�μþμ− −0.001 0.021 −0.018 0.023 0.009 0.015
B → K�τþτ− −0.002 0.013 −0.006 0.014 0.004 0.007

hPTNi B → K�μþμ− 0.001 −0.021 0.018 −0.023 −0.009 −0.015
B → K�τþτ− 0.002 −0.013 0.006 −0.014 −0.004 −0.007
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efficiency of τ lepton is taken to be 0.5 as the values
of τ detection efficiencies and its polarization asymm-
etries have large errors [90,91]. By using the above formula
to observe the various polarization asymmetries at 3σ
level, the following number of events are needed:

(i) For B → K�μþμ−

N ∼

8>>>>>><
>>>>>>:

106 for hPLLi;
109 for hPLTi; hPTLi
1010 for hPTTi;
1011 for hPNNi; hPTNi; hPNTi
1012 for hPLNi; hPNLi:

(ii) For B → K�τþτ−

N ∼

8>>>>><
>>>>>:

109 for hPLLi; hPLTi
1010 for hPLNi; hPNLi; hPNNi; hPTLi;
1011 for hPTTi;
1013 for hPTNi; hPNTi:

On the other hand, the number of BB̄ produced at
LHC experiments such as LHCb, CMS, and ATLAS are
around 1012 per year, whereas, at Super-LHC this number
is raised up to 1013. These statistics shows that there is a
good chance that all the double lepton polarization asym-
metries of B → K�lþl− will be measured at LHC except

FIG. 7 (color online). Plots of double lepton polarization asymmetries vs branching ratio of B → K�lþl− when we fix the values of
different parameters of the Z0 model and vary the value of SLL throughout its allowed region in S1 and S2, for μþμ− as final state leptons.
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hPTNi ¼ h−PNTi which could only be seen at SLHC.
However, in our case the extra gauge boson Z0 effects are
constructive for some tiny polarization asymmetries and
bring their values to the observable range of LHC. In
addition, it is important to note that even if to measure the
lepton polarization of muons, the required number of BB̄
pairs are comparatively less than the tau case, muons lepton
polarizations are only possible when muons are at rest, and
at present it seems hard to achieve this at the current
colliders. On the other hand, the polarizations of τ can be
studied through its decay products, therefore, one faces the
uncertainty in the reconstruction efficiencies. However, the
measurement of τ polarization is comparatively easier than
the case of muon. Finally, if these technical issues will be

resolved then these asymmetries are good observables to
find out the impact of a Z0 boson.

V. SUMMARY AND CONCLUSION

In this paper, we have studied the effects of an extra
gauge boson (i.e., the Z0 model) on the double lepton
polarization asymmetries of B → K�lþl− decay where l ¼
μ or τ. To achieve this target, first we have drawn these
asymmetries as a function of s by choosing different values
of Z0 parameters. Similarly, to see the sensitivity of the
average values of double polarization asymmetries on Z0
boson, we have plotted hPiji against two independent
parameters of the Z0 model, namely, SLL and DLL which

FIG. 8 (color online). Plots of double lepton polarization asymmetries vs branching ratio of B → K�lþl− when we fix the values of
different parameters of the Z0 model and vary the value ofDLL throughout its allowed region in S1 and S2, for μþμ− as final state leptons.
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represent the combination of left- and right-handed cou-
plings of Z0 boson with the leptons. For the numerical
values of Z0 parameters, we have taken the values of these
parameters from the allowed regions which are constrained

by different inclusive and exclusive B decays [14,63]. The
form factors give us some insight about the nonperturbative
regime, which is not fully understood yet, and are the main
source of uncertainty in the calculation. In the literature,

FIG. 9 (color online). Legends are the same as in Fig. 7 but for double lepton polarization asymmetries vs branching ratio of
B → K�τþτ−.
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these form factors are calculated through various non-
perturbative methods which are some what independent of
each other. In this context, we have chosen four different
types of form factors and calculated the average values of

various polarization asymmetries and listed their numerical
values in different tables by setting the different values of Z0
parameters with and without including resonance effects. It
is found that the values of some asymmetries are quite

FIG. 10 (color online). Legends are the same as in Fig. 8 but for double lepton polarization asymmetries vs branching ratio of
B → K�τþτ−.
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sensitive to the choice of the form factors. However, to
investigate the Z0 boson effects in the lepton polarization
asymmetries, we plot them against the square of the
momentum transfer s by using the recently calculated
LCSR form factors, whereas their average numerical values
are calculated using two different form factors, namely,
LCSR and PQCD. It is found that the various polarization
asymmetries can significantly deviate from their SM
values. Apart from the magnitude of these asymmetries
which can be reduced or enhanced due to the influence of
Z0 boson, the sign of some of these asymmetries can also be
flipped. In addition, we have found that the values of
hPTNi, hPLNi which are small in SM get enlarged in the Z0
model and must be visible at the LHC; therefore, meas-
urement of these asymmetries will provide a clear signature
of new physics. Finally, we have drawn these asymmetries

as a function of the branching ratio, whereupon, one can
assure that these asymmetries can provide independent
information about new physics.
To sum up, the measurement of double lepton polariza-

tion asymmetries at LHC would play a crucial role in
investigating the existence of the Z0 gauge boson as well as
help out to constrain the values of the coupling of Z0 boson
with SM particles. As we have shown, these asymmetries
are also sensitive to nonperturbative physics so precise
measurements of these asymmetry may also give some
clues to understanding the long distance regime of QCD.
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