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The implications of the fourth-generation quarks in the B ! K1ð1270; 1400Þ‘þ‘� with ‘ ¼ �, �

decays are studied, where the mass eigenstates K1ð1270Þ and K1ð1400Þ are the mixture of 1P1 and 3P1

states with the mixing angle �K. In this context, we have studied various observables like branching ratio

(BR), forward-backward asymmetry (AFB) and longitudinal and transverse helicity fractions (fL;T) of

K1 meson in B ! K1‘
þ‘� decays. To study these observables, we have used the light-cone QCD sum

rules form factors and set the mixing angle �K ¼ �34�. It is noticed that the BR is suppressed for

K1ð1400Þ as a final state meson compared to that ofK1ð1270Þ. Same is the case when the final state leptons

are tauons rather than muons. In both the situations, all the above mentioned observables are quite

sensitive to the fourth-generation effects. Hence the measurements of these observables at LHC, for the

above mentioned processes can serve as a good tool to investigate the indirect searches for the existence of

fourth-generation quarks.
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I. INTRODUCTION

The standard model (SM) with one Higgs boson is the
simplest and has been tested with great precision. But with
all of its successes, it has some theoretical shortcomings
which impede its status as a fundamental theory. One such
shortcoming is the so-called hierarchy problem, the various
extensions and the SM differ in the solutions of this prob-
lem. These extensions are: the two Higgs doublet models
(2HDM), minimal supersymmetric SM (MSSM), universal
extra dimension (UED) model, and SM4. SM4, implying a
fourth family of quarks and leptons seems to be the most
economical in number of additional particles and simpler
in the sense that it does not introduce any new operators. It
thus provides a natural extension of the SMwhich has been
searched for previously by the LEP and Tevatron and now
will be investigated at the LHC [1]. If a fourth family is
discovered, it is likely to have consequences at least as
profound as those that have emerged from the discovery of
the third family. The fourth-generation SM is not only
provide a simple explanation of the experimental results
which are difficult to reconcile with SM including CP
violation anomaly [2,3] but also give enough CP asymme-
tries to facilitate baryogenesis [4]. By the addition of
fourth-generation Cabibbo-Kobayashi-Maskawa (CKM)
matrix become 4� 4 unitary matrix which requires six
real parameters and three phases. These two extra phases
imply the possibility of extra sources of CP violation. In
addition, the fact that the heavier quarks (t0, b0) and leptons

(�0, ‘0) of the fourth generation can play a crucial role in
dynamical electroweak symmetry breaking (DEWSB) [5]
as an economical way to address the hierarchy puzzle
which renders this extension of SM. Furthermore, the
LHC will provide a suitable amount of data which en-
lighten these puzzles more clearly as well as decide the
faith of the extra generation to undimmed the smog from
theoretical picture and help us to enhance our theoretical
understanding.
In the past few years, a number of analyses showed:

(a) SM with fourth generation is consistent with the elec-
troweak precision test (EWPT) [6–8] and it is pointed out
in [7–9] that in the presence of fourth generation a heavy
Higgs boson does not contradict with EWPT, (b) SU(5)
gauge coupling unification could be achieved without su-
persymmetry [10], (c) Electroweak baryogenesis can be
accommodated [11] and (d) As mentioned earlier that the
DEWSB might be actuated by the presence of extra gen-
eration [5]. Moreover, the fourth-generation SM, in prin-
ciple, could resolve the certain anomalies present in flavor
changing processes [12]. Also the mismatch in the CP
asymmetry in B ! K� data [13] with the SM [14] as
well as CP violation in B ! �Ks decay may also provide
some hint of new physics (NP) [15]. Henceforth the mea-
surement of different observables in the rare B decays can
also be very helpful to put or check the constraints on the
4th generation parameters.
In general, there are two ways to search the NP: one is

the direct search where we can produce the new particles
by raising the energy of colliders and the other one is
indirect search, i.e. to increase the experimental precision
on the data of different SM processes where the NP effects
can manifest themselves. The processes that are suitable
for indirect searches of NP are those which are forbidden or
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very rare in the SM and can be measured precisely. In this
context, the rare B decays mediated through the flavor
changing neutral current (FCNC) processes provide a po-
tentially effective testing ground to look for the physics in
and beyond the SM. In the SM, these FCNC transitions are
not allowed at tree level but are allowed at loop level
through Glashow-Iliopoulos-Maiani (GIM) mechanism
[16]. In the context of SM, the rare B decays are quite
interesting because they provide a quantitative determina-
tion of the quark flavor rotation matrix, in particular, the
matrix elements Vtb, Vts and Vtd [17].

The exploration of Physics beyond the SM through
various inclusive B meson decays like B ! Xs;d‘

þ‘�
and their corresponding exclusive processes, B !
M‘þ‘� with M ¼ K, K�, K1, � etc., have already been
done [18,19]. These studies showed that the above men-
tioned inclusive and exclusive decays of B meson are very
sensitive to the flavor structure of the SM and provide a
windowpane for any NP including the fourth-generation
SM. Therefore, the direct searches like the study of pro-
duction, decay channels and the signals of the existence of
fourth-generation quarks and leptons in the present col-
liders are being performed. Since it is expected that
mt0 >mt thus the fourth-generation quark can be manifest
their indirect existence in the loop diagrams. Because of
this reason, FCNC transitions are at the forefront and one
of the main research direction of all operating B factories
including CLEO, Belle, Tevatron, and LHCb [1]. However,
the studies that involve the direct searches of the fourth-
generation quarks or their indirect searches via FCNC
processes require the values of the quark masses and mix-
ing elements which are not free parameters but rather they
are constrained by experiments [20].

There are two different ways to incorporate the NP
effects in the rare decays, one through the Wilson coeffi-
cients and the other through new operators which are
absent in the SM. In the fourth-generation SM the NP
arises due to the modified Wilson coefficients Ceff

7 , Ceff
9

and Ceff
10 as the fourth-generation quark (t0) contributes in

b ! sðdÞ transition at the loop level along with other
quarks u, c and t of SM. It is necessary to mention here
the FCNC decay modes like B ! Xs‘

þ‘�,B ! K�‘þ‘�
[21] and B ! K‘þ‘� are also very useful in the determi-
nation of precise values of Ceff

7 , Ceff
9 and Ceff

10 Wilson

coefficients [22] as well as sign information on Ceff
7 .

Moreover, the measured branching ratio b ! s� by
CLEO [23] has been used to constraint the Wilson coeffi-
cient Ceff

7 [24].
With our motivation stated above, the complementary

information from the rare B decays is necessary for the
indirect searches of NP including fourth generation. This
complementary investigation improve the precession of
SM parameters which are helpful in discovery of the NP.
In this connection, like the rare semileptonic decays involv-
ing B!ðXs;K

�;KÞ‘þ‘�, the B!K1ð1270;1400Þ‘þ‘�

decays are also rich in phenomenology for the NP [25]. In
some sense they are more interesting and more sophisti-
cated to NP since they are mixture of K1A and K1B, where
K1A and K1B are 3P1 and 1P1 states, respectively. The
physical states K1ð1270Þ and K1ð1400Þ can be obtained by
the mixing of K1A and K1B as

jK1ð1270Þi ¼ jK1Ai sin�K þ jK1Bi cos�K; (1a)

jK1ð1400Þi ¼ jK1Ai cos�K � jK1Bi sin�K; (1b)

where themagnitude ofmixing angel�K has been estimated
to be 34� � j�Kj � 58� in Ref. [26]. Recently, from the
study ofB ! K1ð1270Þ� and � ! K1ð1270Þ��, the value of
�K has been estimated to be �K ¼ �ð34� 13Þ�, where the
minus sign of �K is related to the chosen phase of jK1Ai and
jK1Bi [27]. Getting an independent conformation of this
value of mixing angle �K is by itself interesting. As we shall
see that this particular choice suppresses the BR for
K1ð1400Þ in the final state compared to K1ð1270Þ, which
can be tested.
Many studies have already shown [25] that the observ-

ables like branching ratio (BR), forward-backward
asymmetry (AFB) and helicity fractions fL;T for semi-

leptonic B decays are greatly influenced under different
scenarios beyond the SM. Therefore, the precise measure-
ment of these observables will play an important role in the
indirect searches of NP. In this respect, it is natural to
ask how these observables are influenced by the fourth-
generation parameters. The purpose of present study
addresses this question i.e. investigate the possibility
of searching NP due to the fourth-generation SM in
B ! K1ð1270; 1400Þ‘þ‘� decays with ‘ ¼ �, � using
the above mentioned observables.
The plan of the manuscript is as follows. In Sec. II, we

fill our toolbox with the theoretical framework needed to
study the said process in the fourth-generation SM. In
Sec. , we present the mixing of K1ð1270Þ and K1ð1400Þ
and the form factors used in this study. In Sec. III, we
discuss the observables of B ! K1‘

þ‘� in detail. In
Sec. IV, we give the numerical analysis of our observables
and discuss the sensitivity of these observables with the
fourth-generation SM scenario. We conclude our findings
in Sec. V.

II. THEORETICAL FRAMEWORK

At the quark level B ! K1ð1270; 1400Þ‘þ‘� decays are
induced by the transition b ! s‘þ‘�, which in the SM, is
described by the following effective Hamiltonian

H eff ¼ � 4GFffiffiffi
2

p VtbV
�
ts

�X10
i¼1

Cið�ÞOið�Þ
�
; (2)

where Oið�Þ ði ¼ 1; . . . ; 10Þ are the four-quark operators
and Cið�Þ are the corresponding Wilson coefficients at the
energy scale � [28]. Using renormalization group equa-
tions to resum the QCD corrections, Wilson coefficients
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are evaluated at the energy scale � ¼ mb. The theoretical
uncertainties associated with the renormalization scale
can be considerably reduced when the next-to-leading-
logarithm corrections are included.

The explicit expressions of the operators responsible for
exclusive B ! K1ð1270; 1400Þ‘þ‘� decays are given by

O7 ¼ e2

16�2
mbð�s	��RbÞF��; (3)

O9 ¼ e2

16�2
ð �s��LbÞð �‘��‘Þ; (4)

O10 ¼ e2

16�2
ð �s��LbÞð �‘���5‘Þ; (5)

with R L ¼ ð1� �5Þ=2. In terms of the above
Hamiltonian, the free quark decay amplitude for
b ! s‘þ‘� can be written as:

M SMðb ! s‘þ‘�Þ

¼ �GF
ffiffiffi
2

p
�
VtbV

�
ts

�
Ceff SM
9 ð �s��LbÞð �‘��‘Þ

þ C10ð�s��LbÞð �‘���5‘Þ

� 2mbC
eff SM
7

�
�si	��

q�

q2
Rb

�
ð �‘��‘Þ

�
(6)

where q is the momentum transfer. The operator O10 can
not be induced by the insertion of four-quark operators
because of the absence of the neutral Z boson in the
effective theory. Hence, the Wilson coefficient C10 is not
renormalized under QCD corrections and therefore it is
independent of the energy scale. In addition to this, the
above quark level decay amplitude can take contributions
from the matrix elements of four-quark operators,P

6
i¼1h‘þ‘�sjOijbi, which are usually absorbed into the

effective Wilson coefficient Ceff SM
9 ð�Þ, which can be de-

composed into the following three parts [18,19]

Ceff SM
9 ð�Þ ¼ C9ð�Þ þ YSDðz; s0Þ þ YLDðz; s0Þ;

where the parameters z and s0 are defined as z ¼
mc=mb; s

0 ¼ q2=m2
b. YSDðz; s0Þ describe the short-distance

contributions from four-quark operators far away from the
c �c resonance regions, which can be calculated reliably in
the perturbative theory. The long-distance contributions
YLDðz; s0Þ from four-quark operators near the c �c resonance
cannot be calculated from first principles of QCD and are
usually parameterized in the form of a phenomenological
Breit-Wigner formula, by making use of the vacuum satu-
ration approximation and quark-hadron duality. The ex-
plicit expressions for YSDðz; s0Þ and YLDðz; s0Þ are

YSDðz;s0Þ¼hðz;s0Þf3C1ð�ÞþC2ð�Þþ3C3ð�Þ
þC4ð�Þþ3C5ð�ÞþC6ð�Þg
�1

2
hð1;s0Þf4C3ð�Þþ4C4ð�Þþ3C5ð�Þg

�1

2
hð0;s0ÞfC3ð�Þþ3C4ð�Þg

þ2

9
f3C3ð�ÞþC4ð�Þþ3C5ð�ÞþC6ð�Þg; (7)

with

hðz; s0Þ ¼ �8

9
lnzþ 8

27
þ 4

9
x� 2

9
ð2þ xÞj1� xj1=2

�
8<
: lnj

ffiffiffiffiffiffiffi
1�x

p þ1ffiffiffiffiffiffiffi
1�x

p �1
j� i� for x� 4z2=s0 < 1

2arctan 1ffiffiffiffiffiffiffi
x�1

p for x� 4z2=s0 > 1
; (8)

hð0; s0Þ ¼ 8

27
� 8

9
ln
mb

�
� 4

9
lns0 þ 4

9
i�; (9)

and

YLDðz; s0Þ ¼ 3�


2
Cð0Þ X

Vi¼c i

�i

mVi
�ðVi ! lþl�Þ

m2
Vi
� s0m2

b � imVi
�Vi

(10)

where Cð0Þ ¼ 3C1 þ C2 þ 3C3 þ C4 þ 3C5 þ C6.
Irrespective to this, the nonfactorizable effects [29] from

the charm loop can bring about further corrections to the
radiative b ! s� transition, which can be absorbed into
the effective Wilson coefficient Ceff SM

7 . Specifically, the
Wilson coefficient Ceff SM

7 takes the form [30]

Ceff
7 ð�Þ ¼ C7ð�Þ þ Cb!s�ð�Þ;

with

Cb!s�ð�Þ¼ i
s

�
2

9
�14=23ðG1ðxtÞ�0:1687Þ�0:03C2ð�Þ

�
;

(11)

G1ðxÞ ¼ xðx2 � 5x� 2Þ
8ðx� 1Þ3 þ 3x2ln2x

4ðx� 1Þ4 ; (12)

where � ¼ 
sðmWÞ=
sð�Þ, x ¼ m2
t =m

2
W . Cb!s� is the

absorptive part for the b ! sc �c ! s� rescattering and
we have dropped out the small contributions proportional
to CKM sector VubV

�
us. Furthermore, in the SM, the zero

position of the forward-backward asymmetry depends only
on the Wilson coefficients [31] which correspond to the
short-distance physics. In the present study, our focus is to
determine the effects of the fourth family of quarks on
different observables. As we will see, the NP effects mod-
ify only the Wilson coefficients. Therefore, we will ignore
the long-distance charmonium c �c contributions in our
numerical calculation.
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As noted in Sec. I, the NP scenario provided by the
fourth-generation quarks is introduced on the same pattern
as the three generations in the SM. Therefore, the operator
basis are exactly the same as that of the SM, while the
values of Wilson coefficients in Eq. (6) alter according to

Ceff
7 ¼ Ceff SM

7 þ t0

t

Cnew
7 ;

Ceff
9 ¼ Ceff SM

9 þ t0

t

Cnew
9 ;

Ceff
10 ¼ C10 þ t0

t

Cnew
10 ;

(13)

where t ¼ V�
tbVts and t0 can be parameterized as:

t0 ¼ jV�
t0bVt0sjei�; (14)

where � is the phase factor corresponding to the b ! s
transition in the fourth-generation SM, which we set 90�
[32] in the forthcoming numerical analysis of different
physical observables. Here Vt0b and Vt0s are the elements
of 4� 4 CKM extended matrix. The new contributions of
the fourth-generation up quark t0 at loop level in Ceff

7 , Ceff
9

and Ceff
10 in Eq. (13) can be obtained from the correspond-

ing SM counterparts by trading, mt ! mt0 . The unitarity
condition of 4� 4 CKM matrix now takes the form

Vt0bV
�
t0s ¼ �ðVubV

�
us þ VcbV

�
cs þ VtbV

�
tsÞ: (15)

If we define f ¼ VfbV
�
fs then the unitarity relation can be

written in more elegant form

t0 ¼ �ðu þ c þ tÞ (16)

Notice that this unitarity relation relates the unknown
parameters in terms of the known parameters. Current
theoretical bound on t0 value is t0 � 1:5� 10�2 [33].

There are different limits on the lower bound of the
fourth-generation quark masses. The direct searches at
the Tevatron constrained the t0 mass, mt0 > 256 GeV at
90% C. L. [34] and by the decay of b0 quark to t and W�,
they set a limit on b0 mass, mb0 > 338 GeV at 95% C. L.
[35]. Present searches by CDF(D0) of fourth-generation t0
in their decays to Wq, have excluded t0 quark with a mass
below 335(296) GeV at 95% C. L. [36]. In near future, we
will see that these bounds could be considerably improved
at LHC. Moreover, the fourth-generation quark masses are
constrained by the perturbative unitarity of heavy-fermion
scattering amplitudes [37] to be mt0 � 500� 600 GeV.
However, in our numerical calculations, we set the bounds
300 � mt0 � 600 GeV.

A. Form Factors and Mixing of K1ð1270Þ �K1ð1400Þ
The exclusive B ! K1ð1270; 1400Þ‘þ‘� decays involve

the hadronic matrix elements of quark operators given in
Eq. (6) which can be parameterized in terms of the form
factors as:

hK1ðk; "ÞjV�jBðpÞi ¼ "��ðMB þMK1
ÞV1ðq2Þ

� ðpþ kÞ�ð"� 	 qÞ V2ðq2Þ
MB þMK1

� q�ð" 	 qÞ 2MK1

q2
½V3ðq2Þ � V0ðq2Þ


(17)

hK1ðk; "ÞjA�jBðpÞi ¼
2i���
�

MB þMK1

"��p
k�Aðq2Þ (18)

where V� ¼ �s��b and A� ¼ �s���5b are the vectors and

axial vector currents, involved in the transition matrix,
respectively. Also pðkÞ are the momenta of the BðK1Þ
mesons and "� correspond to the polarization of the final

state axial vector K1 meson. In Eq. (17) we have

V3ðq2Þ ¼
MB þMK1

2MK1

V1ðq2Þ �
MB �MK1

2MK1

V2ðq2Þ (19)

with

V3ð0Þ ¼ V0ð0Þ
In addition, there is also a contribution from the Penguin
form factors which can be written as

hK1ðk; "Þj �si	��q
�bjBðpÞi

¼ ½ðM2
B �M2

K1
Þ"� � ð" 	 qÞðpþ kÞ�
F2ðq2Þ

þ ð"� 	 qÞ
�
q� � q2

M2
B �M2

K1

ðpþ kÞ�
�
F3ðq2Þ (20)

hK1ðk; "Þj�si	��q
��5bjBðpÞi ¼ �i���
�"

��p
k�F1ðq2Þ
(21)

with F1ð0Þ ¼ 2F2ð0Þ.
As the physical states K1ð1270Þ and K1ð1400Þ are mixed

states of the K1A and K1B with mixing angle �K as defined
in Eqs. (1a) and (1b). The B ! K1 form factors can be
parameterized as

hK1ð1270Þj�s��ð1� �5ÞbjBi
hK1ð1400Þj�s��ð1� �5ÞbjBi

 !

¼ M
hK1Aj�s��ð1� �5ÞbjBi
hK1Bj�s��ð1� �5ÞbjBi

 !
; (22)

hK1ð1270Þj �s	��q
�ð1þ �5ÞbjBi

hK1ð1400Þj �s	��q
�ð1þ �5ÞbjBi

 !

¼ M
hK1Aj�s	��q

�ð1þ �5ÞbjBi
hK1Bj�s	��q

�ð1þ �5ÞbjBi

 !
; (23)

where the mixing matrix M is
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M ¼ sin�K cos�K
cos�K � sin�K

� �
: (24)

So the form factors AK1 , VK1

0;1;2 and FK1

0;1;2 satisfy the

following relation

AK1ð1270Þ
mBþmK1ð1270Þ

AK1ð1400Þ
mBþmK1ð1400Þ

0
B@

1
CA ¼ M

AK1A

mBþmK1A

AK1B

mBþmK1B

0
B@

1
CA; (25)

ðmB þmK1ð1270ÞÞVK1ð1270Þ
1

ðmB þmK1ð1400ÞÞVK1ð1400Þ
1

0
@

1
A ¼ M

ðmB þmK1A
ÞVK1A

1

ðmB þmK1B
ÞVK1B

1

0
@

1
A;
(26)

V
K1ð1270Þ
2

mBþmK1ð1270Þ

V
K1ð1400Þ
2

mBþmK1ð1400Þ

0
BB@

1
CCA ¼ M

V
K1A
2

mBþmK1A

V
K1B
2

mBþmK1B

0
BB@

1
CCA; (27)

mK1ð1270ÞV
K1ð1270Þ
0

mK1ð1400ÞV
K1ð1400Þ
0

0
@

1
A ¼ M

mK1A
VK1A

0

mK1B
VK1B

0

0
@

1
A; (28)

FK1ð1270Þ
1

FK1ð1400Þ
1

0
@

1
A ¼ M

FK1A

1

FK1B

1

0
@

1
A; (29)

ðm2
B �m2

K1ð1270ÞÞF
K1ð1270Þ
2

ðm2
B þm2

K1ð1400ÞÞF
K1ð1400Þ
2

0
@

1
A ¼ M

ðm2
B þm2

K1A
ÞFK1A

2

ðm2
B þm2

K1B
ÞFK1B

2

0
@

1
A;
(30)

FK1ð1270Þ
3

FK1ð1400Þ
3

0
@

1
A ¼ M

FK1A

3

FK1B

3

0
@

1
A; (31)

where we have supposed that k
�
K1ð1270Þ;K1ð1400Þ ’ k

�
K1A;K1B

.

For the numerical analysis we have used the light-cone
QCD sum rules form factors [38], summarized in
Table I, where the momentum dependence dipole parame-
trization is:

T X
i ðq2Þ ¼

T X
i ð0Þ

1� aXi ðq2=m2
BÞ þ bXi ðq2=m2

BÞ2
: (32)

where T is A, V or F form factors and the subscript i can
take a value 0, 1, 2 or 3 the superscript X belongs to K1A or
K1B state.

III. PHYSICAL OBSERVABLES

In this section, we calculate some interesting observ-
ables like the branching ratio (BR), forward-backward
asymmetry (AFB) as well as the helicity fractions of
the final state K1 meson and their sensitivity for the NP
due to fourth-generation SM,. From Eq. (6), one can get
the decay amplitudes for B ! K1ð1270Þ‘þ‘� and B !
K1ð1400Þ‘þ‘� as

M ðB ! K1‘
þ‘�Þ

¼ � GF


2
ffiffiffi
2

p
�
VtbV

�
ts½T�

V
�‘��‘þ T�

A
�‘���5‘
 (33)

where the functions T�
A and T�

V can be written in terms of

matrix elements and then in auxiliary functions, as

T�
A ¼ Ctot

10hK1ðk; �Þj �s��ð1� �5ÞbjBðpÞi (34)

T�
V ¼ Ctot

9 hK1ðk; �Þj�s��ð1� �5ÞbjBðpÞi
� Ctot

7

2imb

q2
hK1ðk; �Þj �s	��ð1þ �5Þq�bjBðpÞi (35)

T�
V ¼ f1�

���	"��p�k	 � if2"
�� � f3ðq 	 "Þðp� þ k�Þ

(36)

T
�
A ¼ ff4����	"��p�k	 þ if5"

�� � if6ðq 	 "Þðp� þ k�Þ
þ if0ðq 	 "Þq�g (37)

One can notice that by using the following Dirac equations
of motion, the last term in the expression of T�

V will vanish,

q�ð �c 1��c 2Þ ¼ ðm2 �m1Þ �c 1c 2 (38)

q�ð �c 1���5c 2Þ ¼ �ðm1 þm2Þ �c 1�5c 2 (39)

TABLE I. B ! K1A;1B form factors [38], where a and b are the parameters of the form factors in dipole parametrization.

T X
i ðq2Þ T ð0Þ a b T X

i ðq2Þ T ð0Þ a b

VK1A

1 0.34 0.635 0.211 VK1B

1 �0:29 0.729 0.074

VK1A

2 0.41 1.51 1.18 VK1B

1 �0:17 0.919 0.855

VK1A

0 0.22 2.40 1.78 VK1B

0 �0:45 1.34 0.690

AK1A 0.45 1.60 0.974 AK1B �0:37 1.72 0.912

FK1A

1 0.31 2.01 1.50 FK1B

1 �0:25 1.59 0.790

FK1A

2 0.31 0.629 0.387 FK1B

2 �0:25 0.378 �0:755

FK1A

3 0.28 1.36 0.720 FK1B

3 �0:11 1.61 10.2
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The auxiliary functions appearing in Eqs. (36) and (37)
are defined as:

f1 ¼ 4ðmb þmsÞC
eff
7

q2
fFK1A

1 sin�K þ FK1B

1 cos�Kg

þ 2Ceff
9

�
AK1A

1 sin�K
mB þmK1A

þ AK1B

1 cos�K
mB þmK1B

�
(40)

f2 ¼ 2ðmb þmsÞC
eff
7

q2
fðm2

B �m2
K1A

ÞFK1A

2 sin�K

þ ðm2
B �m2

K1B
ÞFK1B

2 cos�Kg
þ Ceff

9 fðmB þmK1A
ÞVK1A

1 sin�K

þ ðmB þmK1B
ÞVK1B

1 cos�Kg (41)

f3 ¼ 2ðmb þmsÞC
eff
7

q2

��
FK1A

2 þ q2FK1A

3

m2
B �m2

K1A

�
sin�K

þ
�
FK1B

2 þ q2FK1B

3

m2
B �m2

K1B

�
cos�K

�

þ Ceff
9

�
VK1A

2 sin�K
mB þmK1A

þ VK1B

2 cos�K
mB þmK1B

�
(42)

f4 ¼ 2Ceff
10

�
AK1A sin�K
mB þmK1A

þ AK1B cos�K
mB þmK1B

�
(43)

f5 ¼ Ceff
10

n
ðmB þmK1A

ÞVK1A

1 sin�K

þ ðmB þmK1B
ÞVK1B

1 cos�K
o

(44)

f6 ¼ Ceff
10

�
VK1A

2 sin�K
mB þmK1A

þ VK1B

2 cos�K
mB þmK1B

�
(45)

f0 ¼ 2
Ceff
10

q2

n
mK1A

ðVK1A

3 � VK1A

0 Þ sin�K
þmK1B

ðVK1B

3 � VK1B

0 Þ cos�K
o

(46)

A. Branching Ratio

The double differential decay rate for B ! K1‘
þ‘� can

be written as [27,39]

d�

dq2d cos�
¼ G2

F

2

211�5m3
B

jVtbV
�
tsj2uðq2Þ � jMj2 (47)

with

jMj2 ¼ Aðq2Þcos2�þBðq2Þ cos�þ Cðq2Þ (48)

and

uðq2Þ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi


�
1� 4m2

‘

q2

�s
; (49)

where

�ðm2
B;m

2
K1
;q2Þ

¼m4
Bþm4

K1
þq4�2m2

K1
m2

B�2q2m2
B�2q2m2

K1
: (50)

One can get the differential decay rate by performing the
integration on cos� in Eq. (47), so

d�

dq2
¼ G2

F

2

211�5m3
B

jVtbV
�
tsj2 13 ½2Aðq2Þ þ 6Bðq2Þ
 (51)

where

Aðq2Þ¼1

2
ðq2�4m2Þ½jf1j2þjf4j2


� 1

m2
K1
q2

½jf2j2þjf5j2
� 

m2
K1
q2

½jf3j2þjf6j2


þ2ðm2
B�m2

K1
�q2Þ

m2
K1
q2

f<½f2f�3
þ<½f5f�6
g (52)

B ðq2Þ ¼ 4<½f1f�5 þ f2f
�
4


ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
q2ðq2 � 4m2Þ

q
(53)

Cðq2Þ ¼ 1

2
ðq2 � 4m2Þ½jf1j2 þ jf4j2 þ 8jf5j2


þ 4jf2j2ð2m2 þ q2Þ þ 

m2
K1
q2

½jf2 þ jf5j2

þ ðjf3j2 þ jf6j2Þ
 � 2<ðf2f�3Þ þ jf0j24m2q2

þ 2<ðf5f�6Þ½m2
B �M2

K1
� ð4m2 � q2Þ


� 8m2<ðf5f�6Þ � <ðf0f�6ðm2
B þm2

K1
ÞÞ

þ 1

m2
K1

½jf6j22m2ð2ðm2
B þm2

K1
� q2ÞÞ
 (54)

The kinematical variables used in above equations
are defined as u ¼ ðp� pl�Þ2 � ðp� plþÞ2, u ¼
�uðq2Þ cos�. Here  is defined in Eq. (50) and � is the
angle between the moving direction of ‘þ and B meson in
the center of mass frame of ‘þ‘� pair.
It is also very useful to define the branching fractions

R‘ as:

R ‘ ¼ BRðB ! K1ð1400Þ‘þ‘�Þ
BRðB ! K1ð1270Þ‘þ‘�Þ (55)

where ‘ ¼ �, �.

B. Forward-Backward Asymmetries

In this section we investigate the forward-backward
asymmetry (AFB) of leptons. The measurement of the
AFB at LHC is significant due to the minimal form factors
[31] hence this observable has great importance to
check the more clear signals of any NP than the other
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observables such as branching ratio etc. In the context of
fourth-generation, the AFB can also play a crucial role
because it is driven by the loop top quark so it is sensitive to
the fourth-generation up type quark t0 [19].

The differential AFB of final state lepton for the said
decays can be written as

dAFBðq2Þ
dq2

¼
Z 1

0

d2�

dq2d cos�
d cos�

�
Z 0

�1

d2�

dq2d cos�
d cos� (56)

From experimental point of view the normalized
forward-backward asymmetry is more useful, which is
defined as

A FB ¼
R
1
0

d2�
dq2d cos�

d cos�� R
0
�1

d2�
dq2d cos�

d cos�R
1
�1

d2�
dq2d cos�

d cos�

The differential AFB for B ! K1‘
þ‘� decays can be

obtained from Eq. (47), as

dAFBðq2Þ
dq2

¼ � G2
F


2

211�5m3
B

jVtbV
�
tsj2uðq2Þ

� 3Bðq2Þ
2Aðq2Þ þ 6C1ðq2Þ

(57)

where Aðq2Þ, Bðq2Þ and Cðq2Þ are defined in
Eqs. (52)–(54).

C. Helicity Fractions of K1 meson

We now discuss helicity fractions of K1ð1270; 1400Þ
meson in B ! K1‘

þ‘� which are interesting observables
and are insensitive to the uncertainties arising due to form
factors and other input parameters. Thus the helicity frac-
tions can be a good tool to test the NP beyond the SM. The
final state meson helicity fractions were already discussed
in the literature for B ! K�ðK1Þ‘þ‘� decays [39,40].

The explicit expression of the longitudinal (fL) and the
transverse (fT) helicity fractions for B ! K1‘

þ‘� decay
can be obtained by trading jMj to jMLj and jM�j,
respectively, in Eq. (47). Here

jMLj2 ¼ DLcos
2�þ EL (58)

jM�j2 ¼ D�cos2�þ E� (59)

By performing the integration on cos� in Eq. (47), we get

d�L

dq2
¼ G2

F

2

211�5

jVtbV
�
tsj2

m3
B

uðq2Þ 2
3
½DLðq2Þ þ 3ELðq2Þ
 (60)

d��
dq2

¼ G2
F


2

211�5

jVtbV
�
tsj2

m3
B

uðq2Þ 2
3
½D�ðq2Þ þ 3E�ðq2Þ
 (61)

where DLðq2Þ, D�ðq2Þ, ELðq2Þ and E�ðq2Þ can be
parameterized in terms of the auxiliary functions [c.f.
Eqs. (40)–(46)] as

DLðq2Þ ¼ 1

2m2
K1

fjf5j2½ðm2
B �m2

K1
� q2Þ2 � 16m2m2

K1



þ jf2j2ð2m2
K1
q2 þ Þ þ 2jf3j2 � 8m2jf5j2

þ 4m2q2jf0j2 � 2<ðf5f�6Þðm2
B �m2

K1
� q2Þ

� 4<ðf2f�3Þðm2
B �m2

K1
� q2Þ

þ jf6j2½8ðm2
B þm2

K1
� 4q2Þm2 þ 
g (62)

Dþðq2Þ ¼ 1

4
fðq2 þ 4m2Þ½jf4j2 þ 4jf5j2

þ 4
ffiffiffiffi


p ð=ðf�1f2Þ þ =ðf�4f5ÞÞ

þ ðq2 � 4m2Þðjf1j2 þ 4jf2j2Þg (63)

D�ðq2Þ ¼ 1

4
fðq2 þ 4m2Þ½jf1j2 þ jf2j2


þ ðq2 � 4m2Þ½jf4j2 þ 4
ffiffiffiffi


p ð=ðf1f�2Þ
þ =ðf4f�5ÞÞ
g (64)

ELðq2Þ ¼ 1

2m2
K1

fð4m2 � q2Þ½jf5j2ðm4
B � ðm2

K1
þ q2Þm2

BÞ

þ jf2j2ðm2
B �m2

K1
� q2Þ2 þ 22ðjf3j2 þ jf6j2Þ

� 4ðm2
B �m2

K1
� q2Þ<ðf2f�3Þ


þ q2<ðf5f�6Þ½ðm2
B �m2

K1
Þ þ 4m2 � q2


� 4m2=ðf5f�6Þðm2
B �m2

K1
Þ

þ ðm2
K1

þ q2Þjf5j2½q2ð4m2 �m2
K1

� q2Þ
þ 4m2ðm2

K1
þ q2Þ
g (65)

Eþðq2Þ ¼ 1

4
ðq2 � 4m2Þfðjf1j2 þ jf4j2Þ þ ðjf2j2 þ jf5j2Þ

þ 4
ffiffiffiffi


p ð=ðf�1f2Þ þ =ðf�4f5ÞÞg (66)

E�ðq2Þ ¼ 1

4
ðq2 � 4m2Þfðjf1j2 þ jf4j2Þ þ ðjf2j2 þ jf5j2Þ

þ 4
ffiffiffiffi


p ð=ðf1f�2Þ þ =ðf4f�5ÞÞg (67)

Finally the longitudinal and transverse helicity fractions
become

fLðq2Þ ¼ d�Lðq2Þ=dq2
d�ðq2Þ=dq2 (68)
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f�ðq2Þ ¼ d��ðq2Þ=dq2
d�ðq2Þ=dq2 (69)

fTðq2Þ ¼ fþðq2Þ þ f�ðq2Þ (70)

so that the sum of the longitudinal and transverse helicity
amplitudes is equal to one i.e. fLðq2Þ þ fTðq2Þ ¼ 1 for
each value of q2 [39].

IV. NUMERICAL RESULTS AND DISCUSSION

We present here our numerical results of the branching
ratio (BR), the forward-backward asymmetry (AFB) and
the helicity fractions (fL;T) of K1ð1270; 1400Þ meson for

the B ! K1ð1270; 1400Þ‘þ‘� decays with ‘ ¼ �, �. Here
we have taken the central values of all the input parame-
ters. We first give the numerical values of input parameters
which are used in our numerical calculations [41]:

mB ¼ 5:28 GeV; mb ¼ 4:28 GeV;

m� ¼ 0:105 GeV; m� ¼ 1:77 GeV;

fB ¼ 0:25 GeV; jVtbV
�
tsj ¼ 45� 10�3;


�1 ¼ 137; GF ¼ 1:17� 10�5 GeV�2;

�B ¼ 1:54� 10�12 sec; mK1ð1270Þ ¼ 1:270 GeV;

mK1ð1400Þ ¼ 1:403 GeV; mK1A
¼ 1:31 GeV;

mK1B
¼ 1:34 GeV:

Besides these input parameters, the form factors (the
scalar functions of the square of the momentum transfer),
the nonperturbative quantities, which are also very

important. To study the above mentioned physical observ-
ables we use the light-cone QCD sum rules (LCQCD) form
factors which are given in Table I. In our numerical calcu-
lations, we set the mixing angle �K ¼ �ð34� 13Þ0 [27]
where we have taken the central value �K ¼ �340 and the
values of the SM Wilson Coefficients at ��mb are given
in Table II.
First, we discuss the BRs of B !

K1ð1270; 1400Þ�þ��ð�þ��Þ decays which we have plot-
ted as a function of q2ðGeV2Þ, shown in Figs. 1–4, both in
the SM and in the fourth-generation scenario. Figs. 1 and 2
show the BR of B ! K1ð1270Þ with �þ�� and �þ��
respectively and Figs. 3 and 4 show the same for B !
K1ð1400Þ. These figures depict that the values of BR
strongly depend on the fourth-generation effects which
come through the new parameters (i.e the Wilson coeffi-
cients withmt0 instead ofmt as well as from the Vt0bVt0s are
encapsulated in Eq. (13)). One can see clearly from these
graphs that the increment in the values of the fourth-
generation parameters, increase the value of the branching
ratio accordingly, i.e. the BR is an increasing function of
both mt0 and Vt0bVt0s. Moreover, this constructive charac-
teristic of the fourth-generation effects to theBRmanifest
throughout the q2 region irrespective to the mass of the
final particles. In addition, one can also extract the con-
structive behavior of the fourth-generation to theBR from
Table III. However, the quantitative analysis of the BR
shows that the NP effects due to the fourth-generation
are comparatively more sensitive to the case of B !
K1ð1270Þ‘þ‘� than the case of B ! K1ð1400Þ‘þ‘�.
Moreover, Table III shows that the maximum deviation

(when we setmt0 ¼ 600 GeV, Vt0bVt0s ¼ 1:5� 10�3) from

TABLE II. The Wilson coefficients C
�
i at the scale ��mb in the SM.

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

(a) (b)
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FIG. 1. The dependence of branching ratio of B ! K1ð1270Þ�þ�� on q2 for different values of mt0 and jV�
t0bVt0sj. In all the graphs,

the solid line corresponds to the SM, small dashed, medium dashed, long dashed correspond, mt0 ¼ 300 GeV, 500 GeVand 600 GeV,
respectively. jV�

t0bVt0sj has the value 0.003 and 0.015 in (a) and (b), respectively.
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the SM value due to the fourth-generation: for the case
of B ! K1ð1270Þ�þ�� is approximately 6 times, for
the case of B ! K1ð1270Þ�þ�� is about 3.3 times, for
B ! K1ð1400Þ�þ�� is approximately 5.9 time and
for B ! K1ð1400Þ�þ�� is about 2.9 times than that of
SM values.

This is important to emphasis here that the increment
in the branching ratio due to the fourth-generation effect
is optimally well separated than that of SM value.
Furthermore the change in branching ratios due to the
hadronic uncertainties as well as the uncertainty of the
mixing angle �K are negligible in comparison of the NP
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FIG. 3. The dependence of branching ratio of B ! K1ð1400Þ�þ�� on q2 for different values of mt0 and jV�
t0bVt0sj. The legends and

the values of fourth-generation parameters are same as in Fig. 1.

(a) (b)

12.5 13 13.5 14 14.5 15 15.5 16
q2 GeV2

0

5 10 9

1 10 8

1.5 10 8

2 10 8

B
r

B
K

1
12

70

12.5 13 13.5 14 14.5 15 15.5 16
q2 GeV2

0

1 10 8

2 10 8

3 10 8

4 10 8

5 10 8

6 10 8

7 10 8

B
r

B
K

1
12

70

FIG. 2. The dependence of branching ratio of B ! K1ð1270Þ�þ�� on q2 for different values of mt0 and jV�
t0bVt0sj. The legends and

the values of fourth-generation parameters are same as in Fig. 1.
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FIG. 4. The dependence of branching ratio of B ! K1ð1400Þ�þ�� on q2 for different values of mt0 and jV�
t0bVt0sj. The legends and

the values of fourth-generation parameters are same as in Fig. 1.
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effects. Therefore, any dramatically increment in the mea-
surement of the branching ratio at present experiments will
be a clear indication of NP. So the precise measurement of
branching ratio is very handy tool to extract the informa-
tion about the fourth-generation parameters.

To observe the variation which comes through the
fourth-generation parameters in the branching fractions

R‘¼BRðB!K1ð1400Þ‘þ‘�Þ=BRðB!K1ð1270Þ‘þ‘�Þ,
with ‘ ¼ �, �, we draw the graph of R� and R� as a

function of q2 in Figs. 5 and 6. We have also summarized
the numerical values of the branching fractions corre-
sponding to the values of mt0 and jVt0bVt0sj in Table IV.
These numerical analysis shows that the branching fraction
are insensitive to the NP. So this analysis support the

TABLE III. The values of branching ratio of B ! K1ð1270; 1400Þ‘þ‘� with ‘ ¼ �, � for different values of mt0 and jV�
t0bVt0sj.

BRðB ! K1ð1270Þ�þ��Þ, SM value: 1:97� 10�6 BRðB ! K1ð1400Þ�þ��Þ, SM value: 5:76� 10�8

jVt0bVt0sj mt0 ¼ 300 mt0 ¼ 500 mt0 ¼ 600 mt0 ¼ 300 mt0 ¼ 500 mt0 ¼ 600
3� 10�3 2:01� 10�6 2:18� 10�6 2:38� 10�6 5:88� 10�8 6:36� 10�8 6:90� 10�8

1:5� 10�2 3:04� 10�6 7:43� 10�6 1:22� 10�5 8:78� 10�8 2:09� 10�7 3:44� 10�7

BRðB ! K1ð1270Þ�þ��Þ, SM value: 6:06� 10�8 BRðB ! K1ð1400Þ�þ��Þ, SM value: 9:39� 10�10

jVt0bVt0sj mt0 ¼ 300 mt0 ¼ 500 mt0 ¼ 600 mt0 ¼ 300 mt0 ¼ 500 mt0 ¼ 600
3� 10�3 6:14� 10�8 6:38� 10�8 6:62� 10�8 9:51� 10�10 9:80� 10�10 1:01� 10�9

1:5� 10�2 8:12� 10�8 1:39� 10�7 2:01� 10�7 1:24� 10�9 1:98� 10�9 2:74� 10�9
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FIG. 5. The dependence of branching fraction R� ¼ BRðB ! K1ð1400Þ�þ��Þ=BRðB ! K1ð1270Þ�þ��Þ on q2 for different
values of mt0 and jV�

t0bVt0sj. The legends and the values of fourth-generation parameters are same as in Fig. 1.
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FIG. 6. The dependence of branching fraction R� ¼ BRðB ! K1ð1400Þ�þ��Þ=BRðB ! K1ð1270Þ�þ��Þ on q2 for different
values of mt0 and jV�

t0bVt0sj. The legends and the values of fourth-generation parameters are same as in Fig. 1.
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argument that this observable is suitable to fix the value of
�K [27].

To illustrate the generic effects due to the fourth-
generation quarks on the forward-backward asymmetry

AFB, we plot dðAFBÞ
dq2

as a function of q2 in Figs. 7–10.

As it is shown in Ref. [27] that the zero position of the
AFB depends weakly on the value of �K but can be
changed due to the variation of the NP scenarios. For the
zero position of AFB it is also argued that the uncertainty
in the zero position of the AFB is due to the hadronic
uncertainties (form factors) is negligible [31]. Therefore,
the zero position of theAFB could also provide a stringent
test for the NP effects.

In the present study Figs. 7 and 9 show the case of muons
as final state leptons, the increment in the jVt0bVt0sj and mt0

values shift the zero position of the AFB towards the low
q2 region, this behavior is compatible with B ! K��þ��
decay [42]. Moreover, the maximum values of jVt0bVt0sj
and mt0 , shift the SM value (2:8 GeV2) of zero position
of the AFB for the case of B ! K1ð1270Þ�þ�� [see
Fig. 7(b)] to the value 2:1 GeV2. For the case of B !
K1ð1400Þ�þ�� [see Fig. 9(b)] the zero position of the
AFB is shifted from its SM value (3:4 GeV2) to the value
2:4 GeV2.

Besides the zero position of AFB, the magnitude of
AFB is also important tool (particularly, when the tauons
are the final state leptons where the zero of the AFB is
absent) to investigate the NP. A closer look on the pattern
of Figs. 7–10 tells us that the fourth-generation parameters
decrease the magnitude of AFB from its SM value. The

analysis of AFB also demonstrate that in contrast to the
BR, the magnitude of the AFB is decreasing function of
the fourth-generation parameters. It is clear from these
graphs that decreasing behavior of the magnitude of
AFB is irrespective of the final state particles. It is suitable
to comment here that just like the zero position of the
AFB, the magnitude of AFB depends on the values of
the Wilson coefficient C7, C9 and C10. Thus the effects on
the magnitude of AFB are almost insensitive due to the
uncertainties in the form factors. We noticed that the
uncertainty due to the mixing angle �K, magnitude of
AFB is mildly affected. On the other hand, the change in
the magnitude of AFB due to the fourth generation are
very prominent and easy to measure at the experiment. In
the last, precise measurement of the zero position and the
magnitude of AFB are very good observables to yield any
indirect imprints of NP including fourth generation.
We now discuss another interesting observable to get

the complementary information about NP in B !
K1ð1270; 1400Þ‘þ‘� transitions i.e. the helicity fractions
of K1ð1270; 1400Þ produced in the final state. The mea-
surement of longitudinally K� helicity fractions (fL) in the
decay modes B ! K�‘þ‘� by BABAR collaboration with
experimental error [43] put enormous interest in this ob-
servable. Additionally, this is also shown that the helicity
fractions of final state meson, just like BR and AFB, are
also very good observables to dig out the NP [39,40].
Current and future B factories will accumulate more data
on this observable which will be helpful not only to reduce
the experimental errors but also to get any possible hint of

TABLE IV. The values of branching fractions R‘, with ‘ ¼ �; �, for different values of mt0 and jV�
t0bVt0sj.

R� ¼ BRðB!K1ð1400Þ�þ��Þ
BRðB!K1ð1270Þ�þ��Þ , SM value: 2:92� 10�2 R� ¼ BRðB!K1ð1400Þ�þ��Þ

BRðB!K1ð1270Þ�þ��Þ , SM value: 1:54� 10�2

jVt0bVt0sj mt0 ¼ 300 mt0 ¼ 500 mt0 ¼ 600 mt0 ¼ 300 mt0 ¼ 500 mt0 ¼ 600
3� 10�3 2:92� 10�2 2:91� 10�2 2:90� 10�2 1:54� 10�2 1:53� 10�2 1:52� 10�2

1:5� 10�2 2:88� 10�2 2:81� 10�2 2:81� 10�2 1:52� 10�2 1:42� 10�2 1:36� 10�2
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FIG. 7. The dependence of forward-backward asymmetry of B ! K1ð1270Þ�þ�� on q2 for different values of mt0 and jV�
t0bVt0sj.

The legends and the values of fourth-generation parameters are same as in Fig. 1.
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NP from this observable. In this regard, it is natural to study
the helicity fractions for the complementary FCNC pro-
cesses like B ! K1ð1270; 1400Þ‘þ‘� in and beyond the
SM. For this purpose, we have plotted the longitudinal (fL)
and transverse (fT) helicity fractions of K1ð1270; 1400Þ for
SM and with different values of fourth-generation parame-
ters in Figs. 11–14. In these graphs the values of the
longitudinal (fL) and transverse (fT) helicity fractions of
K1ð1270; 1400Þ are plotted against q2 and one can see
clearly that at each value of q2 the sum of fL and fT is
equal to one.

Figures 11 and 13 show the case of muons as final state
leptons, while the effects of the fourth generation on the
longitudinal (transverse) helicity fractions of K1ð1270Þ are
marked up in the 0< q2 � 12 GeV2 region. On the other
hand, for K1ð1400Þ the affected region is 0< q2 �
6 GeV2. Here one can notice that the q2 region of
K1ð1400Þ is smaller than that of K1ð1270Þ but the fourth-
generation effects are more prominent. It is clear from
these figures that although the influence of the

fourth-generation parameters on the maximum (minimum)
values of the K1ð1270; 1400Þ helicity fractions are not very
much affected (One can see from Figs. 11 and 13 that for
the case of B ! K1ð1270Þ�þ��, the difference in the
extremum values of helicity fractions, even at the maxi-
mum values of fourth-generation parameters, is negligible
to the SM value and for B ! K1ð1400Þ�þ�� the differ-
ence to the SM value is 0.09) but there is a reasonable shift
in the position of these values which lies roughly at
q2 ’ 1:8 GeV2 for SM. Figures 13 and 14 also show that
how the position of the maximum (minimum) values of
fL (fT) varies with the change in mt0 and jVt0bVt0sj values.
Furthermore, the position of these extremum values are
shifted towards the low q2 region and on setting the maxi-
mum values of the fourth-generation parameters this shift
in the position is approximately 0:9 GeV2. One more com-
ment is necessary to mention here that like the zero posi-
tion of theAFB, the position of the extremum values of the
helicity fractions are not affected due to the uncertainty of
the mixing angle �K.
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FIG. 11 (color online). The dependence the probabilities of the longitudinal (a, b) and transverse (c, d) helicity fractions, fL;T , of K1

in B ! K1ð1270Þ�þ�� decays on q2 for different values of mt0 and jV�
t0bVt0sj. In all the graphs, the solid line corresponds to the SM,

small dashed, medium dashed, long dashed correspond, mt0 ¼ 300 GeV, 500 GeV and 600 GeV, respectively. jV�
t0bVt0sj has the value

0.003 and 0.015 in (a, c) and (b, d), respectively.
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Now we turn our attention to the case, where tauns are
the final state leptons and for this case the helicity fractions
of K1ð1270; 1400Þ are plotted in Figs. 12 and 14. One can
easily see that in contrast to the case of muons, there is no
shift in the position of the extremum values of the helicity
fractions, and are fixed at q2 ¼ 12:5 GeV2. However, the
change in the maximum (minimum) value of longitudinal
(transverse) is more prominent as compare to the previous
case where the muons are the final state leptons. These
figures have also enlightened the variation in the extremum
values of helicity fractions from the SM due to the change
in the fourth-generation parameters. The change in extre-
mum values are very well marked up as compare to the
uncertainties due to the mixing angle �K and the hadronic
matrix element. For B ! K1ð1270Þ�þ��, the maximum
setting of the fourth-generation parameters the maximum
(minimum) value of longitudinal (transverse) helicity frac-
tion is changed from its SM value 0.51(0.49) to 0.72(0.28)
and for B ! K1ð1400Þ�þ�� is changed from 0.76(0.24) to
0.92(0.06) which is suitable amount of change to measure.

The numerical analysis of helicity fractions shows that
the measurement of the maximum (minimum) values of

fL and fT and its position in the case of B !
K1ð1270; 1400Þ�þ�� and B ! K1ð1270; 1400Þ�þ�� re-
spectively can be used as a good tool in studying the NP
beyond the SM and the existence of the fourth-generation
quarks.

V. CONCLUSION

In our study on the rare B ! K1ð1270; 1400Þ‘þ‘� de-
cays with ‘ ¼ �, �, we have calculated branching ratio
(BR), the forward-backward asymmetry AFB and helic-
ity fractions fL;T of the final state mesons and analyzed the

implications of the fourth-generation effects on these ob-
servable for the said decays.
We have found a strong dependency of the BR on the

fourth-generation parameters Vt0bVt0s and mt0 . The study
has shown that the BR is an increasing function of these
parameters. At maximum values of these parameters, i.e.
jVt0bVt0sj ¼ 0:015 and mt0 ¼ 600 GeV, the values of BR
increases approximately 6 to 7 times larger than that of SM
values when the final leptons are muons and for the case of
of tauns these values are enhanced 3 to 4 times to the SM
value. Hence the accurate measurement of the BRs value

12.5 13 13.5 14 14.5 15 15.5 16
q2 GeV2

0.35

0.4

0.45

0.5

f L
B

K
1

12
70

12.5 13 13.5 14 14.5 15 15.5 16
q2 GeV2

0.4

0.5

0.6

0.7

f L
B

K
1

12
70

12.5 13 13.5 14 14.5 15 15.5 16
q2 GeV2

0.5

0.55

0.6

0.65

f T
B

K
1

12
70

12.5 13 13.5 14 14.5 15 15.5 16
q2 GeV2

0.3

0.4

0.5

0.6

f T
B

K
1

12
70

(a) (b)

(c) (d)

FIG. 12 (color online). The dependence the probabilities of the longitudinal (a, b) and transverse (c, d) helicity fractions, fL;T , of K1
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for these decays is very important tool to say something
about the physics beyond the three generation of SM.

Besides the BR, our analysis has shown that AFB is
also a very good observable to check the existence of the
fourth-generation quarks, especially the zero position of
the AFB. We have found that the value of the AFB

decreases with increases in the values of Vt0bVt0s and mt0 .
Moreover, the decrement in the values of theAFB from the
SM values are important imprints of NP and also the shift
in the zero position of AFB (which is towards low q2

region) provides a prominent signature of the NP fourth-
generation quarks.

To comprehend the fourth-generation effects on these
decays, we have calculated the helicity fractions fL;T of

final state mesons. We have first calculated these helicity
fractions of final state mesons in the SM and then analyzed
their extension to the fourth-generation scenario. The study
has shown that the deviation from the SM values of the
helicity fractions are quite large when we set tauons as a
final state of leptons. It is also shown that there is a
noticeable change due to fourth-generation in the position

of the extremum values of the longitudinal and transverse
helicity fractions of K1 meson for the case of muons as a
final state leptons. Therefore, the helicity fraction of K1

meson can be a stringent test in finding the status of the
fourth-generation quarks.
Another attraction to consider the decay channel B !

K1‘
þ‘� is to get the complimentary information about the

parameters of fourth-generation SM to that of the informa-
tion obtained from other experiments such as the inclusive
B ! Xs‘

þ‘� and the exclusive B ! MðK;K�Þ‘þ‘� de-
cays. It is also worth mentioning here that the information
obtained about the fourth-generation parameters from the
other experiments can be used to fix the mixing angle �K
between theK1 states in our process. Therefore, the fourth-
generation SM information obtained from the other experi-
ments will not only compliment our results but can be
useful to understand the mixing nature of K1ð1270Þ and
K1ð1400Þ mesons.
To sum up, the more data to be available from Tevatron

and LHCb will provide a powerful testing ground for the
SM and the possible existence of the fourth-generation
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FIG. 13 (color online). The dependence the probabilities of the longitudinal (a, b) and transverse (c, d) helicity fractions, fL;T , of K1

in B ! K1ð1400Þ�þ�� decays on q2 for different values of mt0 and jV�
t0bVt0sj. The legends and the values of fourth-generation

parameters are same as in Fig. 11.
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quarks and also put some constraints on the fourth-
generation parameters such as Vt0bVt0s and mt0 . Our analy-
sis of the fourth-generation on the observables for
B ! K1‘

þ‘� decays are useful for probing or refuting
the existence of fourth family of quarks.
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