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In this paper, by deriving the expressions for double-lepton polarization asymmetries for B to a scalar

meson transition in SM and SM4 and considering the corresponding uncertainties in SM we investigate

the indirect effects of the fourth generation of quarks on such asymmetries in the B ! K�
0ð1430Þ‘þ‘�

decay. We also compare these asymmetries with those of B ! K‘þ‘� decay and find out that most of

these asymmetries behave similarly to the corresponding asymmetries for B ! K‘þ‘� decay. We finally

show that in the � channel all asymmetries, except hPLLi, and in � channel only hPLNi can manifest the

influence of the fourth generation at the minimum value of mt0 around 200 GeV. In addition, it is shown

that for the � channel the asymmetries such as hPLLi, hPNNi, and hPTTi can indicate the effect of such new
physics at mt0 � 300 GeV. Hence, the B ! K�

0ð1430Þ‘þ‘� decay is a valuable tool for probing new

physics beyond SM, especially in the indirect searches of the fourth generation of quarks ðt0; b0Þ via its

manifestations in loop diagrams.
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I. INTRODUCTION

Lepton flavor violating transitions and flavor changing
neutral current transitions provide an excellent testing
ground for the SM. These decays, which are forbidden in
the standard model (SM) at tree level, occur at loop level
and are very sensitive to the gauge structure of the SM.
Besides, these decays are quite sensitive to the existence of
new physics beyond the SM, since loops with new particles
can give considerable contribution to rare decays.

Since there exists no theoretical restrictions for the
number of generations in the SM, it is possible to introduce
a new generation of quarks. As a result, one possible
extension of SM could be an extra fourth generation of
quarks (SM4). On the other hand, the existence of a new
family of quarks with the mass more than the half of the
mass of the Z boson are not excluded from the CERN LEP
II experiment [1] and the electroweak precision data favors
an extra generation of heavy quarks, if the mass difference
between the new up- and down-type quarks obeys the
following relation [2]:

mt0 �mb0 ’
�
1þ 1

5
ln
mH

115

�
� 50: (1)

In addition, the flavor democracy in the three generations
of the SM [3] supports SM4. In this scenario, the masses of
the first three fermion families, as well as intergenerational
mixing are generated by small braking of flavor democracy
[4,5]. The fourth-generation quarks possess family
members with almost the same mass scale which is con-
strained by the experimental value of � and S parameters.
Considering the latest data � ¼ 1:0002þ0:0007

�0:0004 [6], the mass

of the fourth quarkmt0 lies between 320 GeVand 730 GeV.

If such exotic quarks exist then it could be produced by
gluon fusion mechanism at LHC.
The indirect effects of the fourth-generation scenario on

the rare B meson decays which include flavor changing
neutral current transitions, b ! sðdÞ transitions, have
already been investigated by many researchers. The fourth
generation can affect physical observables, i.e., branching
ratio, CP asymmetry, polarization asymmetries, and
forward-backward asymmetries. The study of these physi-
cal observables can be a good tool to look for the fourth
generation of up-type quarks [7–24]. For example, it is
demonstrated that the fourth-generation quarks can resolve
CP violation problem in nonleptonic decays of Bwhich are
penguin-dominated and substantially reduce the differ-
ences in our findings between theory and experiment
[25]. The sequential fourth generation of up quarks ðt0Þ,
like u, c, t quarks, contributes to the b ! sðdÞ transition at
loop level. Hence, this new generation will change only the
values of the Wilson coefficients via the virtual exchange
of the fourth-generation up quark t0 and the full operator set
is exactly the same as in SM.
Recently, the sensitivity of the double-lepton polariza-

tion asymmetries to the fourth generation in the transition
ofB to a pseudo scalar meson (B ! K‘þ‘�) [18] and Bs to
a vector meson (Bs ! �‘þ‘�) [19] have been investigated
and it is found out that these asymmetries are very sensitive
to the fourth-generation parameters (mt0 , Vt0bV

�
t0s). In this

work, by considering the theoretical and experimental
uncertainties in SM we investigate the effects of the
fourth-generation of quarks ðb0; t0Þ on the double-lepton
polarizations in the transition of B to a scalar meson
(B ! K�

0ð1430Þ‘þ‘�) and our results also compared to

those of B ! K‘þ‘� decay presented in Ref. [18].
This paper is organized as follows. In Sec. II, the

expressions for the matrix elements of B to a scalar meson,
*falahati@shirazu.ac.ir
†khosravi.reza@gmail.com

PHYSICAL REVIEW D 83, 015010 (2011)

1550-7998=2011=83(1)=015010(13) 015010-1 � 2011 American Physical Society

http://dx.doi.org/10.1103/PhysRevD.83.015010


here B ! K�
0ð1430Þ‘þ‘�, in SM and SM4 have been

derived. In Sec. III, the general expressions for the
double-lepton polarization asymmetries have been calcu-
lated. The sensitivity of these polarizations to the fourth-
generation parameters ðmt0 ; rsb; �sbÞ have been numeri-
cally analyzed in Sec. IV. In the final section, a summary
of conclusions is presented.

II. STRATEGY

In this section we present the theoretical expressions
for the decay widths within SM4. As it has been noted
above, t0 like u, c, t quarks, contribute b ! sðdÞ transition
at loop level. As a result only theWilson coefficients in SM
are modified and the full operator set is exactly the same as
in SM. Therefore, the relevant effective Hamiltonian for
B ! K�

0‘
þ‘� decay, which is described by b ! s‘þ‘�

transition at quark level, can be written as

H eff ¼ �GFffiffiffi
2

p VtbV
�
ts

X10
i¼1

Cið�ÞOið�Þ; (2)

where the Wilson coefficients are modified as follows:

�tCi ! �tC
SM
i þ �t0C

new
i ; �f ¼ VfbV

�
fs; (3)

and the complete set of the operators Oi as well as the
corresponding expressions for the Wilson coefficientsCi in
SM are given in [26]. Also, the explicit forms of Cnew

i can
easily be obtained from the corresponding Wilson coeffi-
cients in SM by replacing mt ! mt0 (where mt and mt0 are
the masses of quarks t and t0, respectively) [26] and �t0 can
be parametrized as �t0 ¼ rsbe

i�sb . Now, using the above
effective Hamiltonian, the one-loop matrix elements of
b ! s‘þ‘� can be given in terms of the tree-level matrix
elements of the effective operators as

Mðb! s‘þ‘�Þ¼hs‘þ‘�jH effjbi
¼�GFffiffiffi

2
p VtbV

�
ts

X
i

Ceff
i ð�Þhs‘þ‘�jOijbitree;

¼� GF�

2�
ffiffiffi
2

p VtbV
�
ts½ ~Ceff

9 �s��ð1��5Þb �‘��‘

þ ~Ceff
10 �s��ð1��5Þb �‘���5‘

�2Ceff
7

mb

q2
�si	�
q


ð1þ�5Þb �‘��‘�;

(4)

where q2 ¼ ðp1 þ p2Þ2 and p1 and p2 are the final leptons
four-momenta. The effective Wilson coefficients in SM are
presented in [26,27] and the modified effective Wilson
coefficients are as follows:

Ceff
i ð�Þ ¼ Ceff SM

i ð�Þ þ �t0

�t

Ceff new
i ð�Þ; i ¼ 7;

~Ceff
i ð�Þ ¼ ~Ceff SM

i ð�Þ þ �t0

�t

~Ceff new
i ð�Þ; i ¼ 9; 10: (5)

Like Cnew
i the explicit forms ofCeff new

i and ~Ceff new
i can also

be found from the corresponding Wilson coefficients in
SM by substituting mt ! mt0 [26]. It should be noted that
in the effective coefficient Ceff

9 ,

Ceff
9 ¼ �

2�
~Ceff
9 ¼ C9 þ �

2�
YðsÞ; (6)

we neglect the effect of long-distance contributions com-
ing from the real c �c intermediate states for simplicity, and
only consider the effect of short-distance contributions due
to the one-loop matrix element of the four quark operators
which is given by

YperðsÞ ¼ g

�
mc

mb

;s

�
ð3C1þC2þ 3C3þC4þ 3C5þC6Þ

� 1

2
gð1; sÞð4C3þ 4C4þ 3C5þC6Þ� 1

2
gð0; sÞ

� ðC3þ 3C4Þþ 2

9
ð3C3þC4þ 3C5þC6Þ; (7)

where the explicit expressions for the g functions can be
found in [26].
At this stage, it is worth noting that the Glashow-

Iliopoulos-Maiani mechanism dominates all the above
equations. We can check the validity of this mechanism
by using the unitarity property of the 4� 4 Cabbibo-
Kobayoshi-Maskawa matrix which leads to

�u þ �c þ �t þ �t0 ¼ 0: (8)

By following the steps below

�tCi ¼ �tC
SM
i þ �t0C

new
i

¼ �ð�u þ �cÞCSM
i þ �t0 ðCnew

i � CSM
i Þ

¼ �ð�u þ �cÞCSM
i

¼ �tC
SM
i ; (9)

one can finally see that the factor �tCi should be modified
to �tC

SM
i when mt0 ! mt or �t0 ! 0.

Now, having the matrix element, describing the
b ! s‘þ‘� transition we can write down the matrix ele-
ment for the B ! K�

0‘
þ‘� decay. In order to obtain this

quantity we need to sandwich the matrix elements in
Eq. (4) between the final and initial meson states. It follows
from Eq. (4) that only the matrix elements hK�

0j�s��

ð1� �5ÞbjBi and hK�
0j�si	�
q


ð1þ �5ÞbjBi are needed

which can be parametrized in terms of form factors as
follows:

hK�
0ð1430Þj�s���5bjBi ¼ fþðq2ÞðpB þ pK�

0
Þ�

þ f�ðq2Þq�; (10)
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hK�
0ð1430Þj�si	�
q


�5bjBi ¼ fTðq2Þ
mB þmK�

0

½ðpB þ pK�
0
Þ�q2

� ðm2
B �m2

K�
0
Þq��; (11)

where q� ¼ ðpB � pK�
0
Þ�.

As it can be seen from the above equations, we have to
compute the form factors to evaluate the physical quanti-
ties at hadronic level. For the estimation of the form factors
a nonperturbative approach is needed. In the present work,
we use the three-point QCD sum rules predictions for the
relevant form factors of the B ! K�

0 transition in which the

form factors

Fðq2Þ 2 ffþðq2Þ; f�ðq2Þ; fTðq2Þg;
are fitted to the following functions [28]:

Fðq2Þ ¼ Fð0Þ
1� aF

q2

m2
B

þ bFð q2m2
B

Þ2
; (12)

where the parameters Fð0Þ, aF, and bF are listed in Table I.
Considering the above equations the transition operator

is calculated as

MðB ! K�
0‘

þ‘�Þ
¼ GF�em

4
ffiffiffi
2

p
�

VtbV
�
tsf �‘��‘½AðpB þ pK�

0
Þ� þ Bq��

þ �‘���5‘½CðpB þ pK�
0
Þ� þDq��g: (13)

The functions appearing in Eq. (13) are defined as

A ¼ �ðCLL þ CLRÞfþ þ 2ðCBR � CSLÞ fT
mB þmK�

0

;

B ¼ �ðCLL þ CLRÞf� � 2ðCBR � CSLÞ
� fT

ðmB þmK�
0
Þq2 ðm

2
B �m2

K�
0
Þ;

C ¼ �ðCLR � CLLÞfþ;
D ¼ �ðCLR � CLLÞf�;
where

CLL ¼ ð ~Ceff
9 � ~Ceff

10 Þ; CLR ¼ ð ~Ceff
9 þ ~Ceff

10 Þ;
CSL ¼ �2msC

eff
7 ; CBR ¼ �2mbC

eff
7 :

(14)

From the above equations we get the following result for
the differential decay width:

d�

dŝ
ðB ! K�

0‘
þ‘�Þ

¼ G2�2mB

214�5
jVtbV

�
tsj2�1=2ð1; r̂K�

0
; ŝÞv�ðŝÞ; (15)

with

�ðŝÞ ¼ 4m2
B

3
Re½24m2

Bm̂
2
l ð1� r̂K�

0
ÞD?C

þ �m2
Bð3� v2ÞjAj2 þ 12m2

Bm̂
2
l ŝjDj2

þm2
BjCj2f2�� ð1� v2Þð2�� 3ð1� r̂K�

0
Þ2Þg�;

(16)

where ŝ ¼ q2=m2
B, r̂K�

0
¼ m2

K�
0
=m2

B and �ða; b; cÞ ¼ a2 þ
b2 þ c2 � 2ab� 2ac� 2bc, m̂‘ ¼ m‘=mB, v ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� 4m̂2

‘=ŝ
q

is the final lepton velocity.

III. DOUBLE-LEPTON POLARIZATION

Having obtained the matrix elements for the
B ! K�

0‘
þ‘� decay in the last section, we can now

calculate the double-polarization asymmetries. For this,

we define the orthogonal unit vectors s��
i in the rest frame

of leptons as the following:

s
��
L ¼ ð0; ~e�L Þ ¼

�
0;

~p�
j ~p�j

�
;

s
þ�
L ¼ ð0; ~eþL Þ ¼

�
0;

~pþ
j ~pþj

�
;

s��
N ¼ ð0; ~e�N Þ ¼

�
0;

~pK�
0
� ~p�

j ~pK�
0
� ~p�j

�
;

s
þ�
N ¼ ð0; ~eþN Þ ¼

�
0;

~pK�
0
� ~pþ

j ~pK�
0
� ~pþj

�
;

s
��
T ¼ ð0; ~e�T Þ ¼ ð0; ~e�N � ~e�L Þ;
sþ�
T ¼ ð0; ~eþT Þ ¼ ð0; ~eþN � ~eþL Þ;

(17)

where i ¼ L, N and T are the aberrations of longitudinal,
normal and transversal polarization directions and ~p� and
~pK�

0
are the three—momenta of the leptons ‘� and K�

0

meson, respectively. Now by using Lorentz transformation
to boost the unit vectors from the rest frame of the leptons
to the center of mass (CM) frame of leptons one finds that

only the longitudinal unit vectors s��
L change as shown

below:

TABLE I. The form factors for B ! K�
0ð1430Þ‘þ‘� in a three-

parameter fit [28].

Fð0Þ aF bF

f
B!K�

0þ 0:31� 0:08 0.81 �0:21
f
B!K�

0� �0:31� 0:07 0.80 �0:36
f
B!K�

0

T �0:26� 0:07 0.41 �0:32
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ðs��
L ÞCM ¼

�j ~p�j
m‘

;
E ~p�

m‘j ~p�j
�
;

ðsþ�
L ÞCM ¼

�j ~p�j
m‘

;� E ~p�
m‘j ~p�j

�
; (18)

and the other two cases remain unchanged. The polariza-
tion asymmetries can now be calculated using the
spin projector 1

2 ð1þ �5s
�
i Þ for ‘� and the spin projector

1
2 ð1þ �5s

þ
i Þ for ‘þ.

Considering the above explanations, we can define the
double-lepton polarization asymmetries as in [29]:

PijðŝÞ ¼
�
d�
dŝ ð ~s�i ; ~sþj Þ � d�

dŝ ð�~s�i ; ~sþj Þ
�
�

�
d�
dŝ ð ~s�i ;�~sþj Þ � d�

dŝ ð� ~s�i ;�~sþj Þ
�

�
d�
dŝ ð ~s�i ; ~sþj Þ þ d�

dŝ ð�~s�i ; ~sþj Þ
�
þ

�
d�
dŝ ð ~s�i ;�~sþj Þ þ d�

dŝ ð� ~s�i ;�~sþj Þ
� ; (19)

where i, j ¼ L, N, T, and the first index i corresponds to
the lepton while the second index j corresponds to the
antilepton, respectively. After doing the straightforward
calculations we obtain the following expressions for PijðŝÞ:

PLL ¼ �4m2
B

3�
Re½�24m2

Bm̂
2
l ð1� r̂K�

0
ÞC?D

þ �m2
Bð1þ v2ÞjAj2 (20)

� 12m2
Bm̂

2
l ŝjDj2 þm2

BjCj2ð2�� ð1� v2Þ
� ð2�þ 3ð1� r̂K�

0
Þ2ÞÞ�; (21)

PLN ¼ �4�m3
B

ffiffiffiffiffiffi
�ŝ

p
ŝ�

Im½�mBm̂lŝA
?D

�mBm̂lð1� r̂K�
0
ÞA?C�; (22)

PNL ¼ �PLN; (23)

PLT ¼ 4�m3
B

ffiffiffiffiffiffi
�ŝ

p
ŝ�

Re½mBm̂lvð1� r̂K�
0
ÞjCj2

þmBm̂lvŝC
?D�; (24)

PTL ¼ PLT; (25)

PNT ¼ � 8m2
Bv

3�
Im½2�m2

BA
?C�; (26)

PTN ¼ �PNT; (27)

PTT ¼ 4m2
B

3�
Re½�24m2

Bm̂
2
l ð1� r̂K�

0
ÞC?D� �m2

B

� ð1þ v2ÞjAj2 � 12m2
Bm̂

2
l ŝjDj2 þm2

BjCj2
� f2�� ð1� v2Þð2�þ 3ð1� r̂K�

0
Þ2Þg�; (28)

PNN ¼ 4m2
B

3�
Re½24m2

Bm̂
2
l ð1� r̂K�

0
ÞC?D� �m2

Bð3� v2Þ
� jAj2 þ 12m2

Bm̂
2
l ŝjDj2 þm2

BjCj2f2�� ð1� v2Þ
� ð2�� 3ð1� r̂K�

0
Þ2Þg�: (29)

IV. RESULTS AND DISCUSSIONS

In this section the analytical dependence of the double-
lepton polarizations on the fourth quark mass (mt0) and the
product of quark mixing matrix elements (V�

t0bVt0s ¼
rsbe

i�sb) are studied. As pointed out in Sec. II, for the
main input parameters which are form factors we have
chosen the predictions of the three-point QCD sum rules
method [28]. For the other input parameters we use the
following values [30]:

mB ¼ 5:279� 0:03 GeV; mK�
0
¼ 1:425� 0:05 GeV;

mb ¼ 4:19þ0:18
�0:06 GeV; mc ¼ 1:27þ0:07

�0:09 GeV;

ms ¼ 0:101þ0:029
�0:021 GeV; m� ¼ 0:105 GeV;

m� ¼ 1:77 GeV; ��1 ¼ 129;

�B ¼ ð1:525� 0:009Þ � 10�12 s;

� ¼ 0:2253� 0:0007; A ¼ 0:808þ0:022
�0:015;

�� ¼ 0:132þ0:022
�0:014; �� ¼ 0:341� 0:013; (30)

where A, �, ��, �� are the Wolfenstein parameters in the
Cabbibo-Kobayoshi-Maskawa matrix. In order to present a
quantitative analysis of the double-lepton polarization
asymmetries, the values of fourth-generation parameters
are needed. Considering the experimental values of B !
Xs� and B ! Xs‘

þ‘� decays the value of the parameter
rsb, lies in the range f0:01–0:03g for �sb � f0	–360	g and
mt0 � f200–600g GeV [11,22]. Using the Bs mixing pa-
rameter �mBs

, a sharp limit on �sb has been obtained

around 90	 [7]. Therefore in our upcoming numerical
analysis, the corresponding values of above ranges are:
rsb ¼ f0:01; 0:02; 0:03g, �sb ¼ f60	; 90	; 120	g, mt0 ¼
175 GeV 
 mt0 
 600 GeV.
It is clear from the expressions of all nine double-lepton

polarization asymmetries that they depend on the momen-
tum transfer q2 and the new parameters ðmt0 ; rsb; �sbÞ.
Consequently, it may be experimentally difficult to inves-
tigate these dependencies at the same time. In the present
work, we omit the q2 dependency by integrating over this
parameter and investigating the averaged double-lepton
polarization asymmetries. The average of Pij over q2 is

defined as
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hPiji ¼
Rð1� ffiffiffiffiffiffi

r̂K�
0

p Þ2
4m̂2

‘

Pij
dB
dŝ dŝ

Rð1� ffiffiffiffiffiffi
r̂K�

0

p Þ2
4m̂2

‘

dB
dŝ dŝ

: (31)

Using the above formula we have presented our analysis
for the dependency of hPiji on the fourth-generation

parameters in a series of figures (see Figs. 1–6). As it is
seen from these figures, the SM4 diagrams of each asym-
metry cut the corresponding SM diagram at mt0 ¼ mt

which is consistent with the result of the Glashow-
Iliopoulos-Maiani mechanism appearing in Eq. (9). By
considering the theoretical and experimental uncertainties
for B ! K�

0‘
þ‘� decay in SM, we compare our results for

B ! K�
0‘

þ‘� decay with the results of Ref. [18] for

B ! K‘þ‘� decay. It should be mentioned that the theo-
retical uncertainties come from the hadronic uncertainties
related to the form factors and the experimental uncertain-
ties originate from the mass of quarks and hadrons and

Wolfestein parameters. Our study shows that the overall
behavior of hPiji with regard to mt0 , rsb, and �sb are, to a

large extent, the same as that of B ! K‘þ‘� decay, there-
fore, we only discuss the differences of these two decay
modes and investigate some related topics not discussed in
Ref. [18]:
(i) Figure 1: Similar to the B ! K decay, the maximum

deviation of hPLLi for the � channel from the SM
value is less than 5%, therefore we do not present the
relevant figures for this channel. However, as seen
from the plots in Fig. 1 for the � channel of this
decay, the maximum deviation of such quantity from
SM is about 30% which is comparable to this value
for B ! K decay which is 20% [18]. Although the
magnitude of this quantity does not show strong
dependency to the fourth-generation parameters, it
is found out from Tables II and III that the upper
limit of the uncertainty of that value in the SM can be
covered by its corresponding deviation from the SM

FIG. 1. The dependence of the hPLLi on the fourth-generation quark mass mt0 for three different values of �sb ¼ f60	; 90	; 120	g
and rsb ¼ f0:01; 0:02; 0:03g for the � channel.
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in some parameter ranges. For example, it is under-
stood from the three plots in Fig. 1 that by increasing
rsb and�sb, simultaneously or not, the lower limit of
mt0 , where the deviation from the SM exceeds
from the corresponding SM uncertainty, decreases

which happens at mt0 � 300 Gev for rsb ¼ 0:03 and
�sb ¼ 120	.

(ii) Figure 2: From these plots, it is apparent that the
magnitude of hPLNi in B ! K�

0 exhibits strong

dependence on the fourth-generation parameters,

φ

φ

φ

FIG. 2. The dependence of the hPLNi on the fourth-generation quark mass mt0 for three different values of �sb ¼ f60	; 90	; 120	g
and rsb ¼ f0:01; 0:02; 0:03g for the � and � channels.
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such that it becomes approximately 2000 times
greater than the SM value for the � channel and 3
times larger than the SM value for the � channel.
It is seen from Ref. [18] that the corresponding

plots for the � and the � channels of this and B !
K processes are very similar to each other, indicating
particularly that the maximum deviation for the B !
K�

0 transition and the B ! K transition are very close

FIG. 3. The dependence of the hPLTi on the fourth-generation quark mass mt0 for three different values of �sb ¼ f60	; 90	; 120	g
and rsb ¼ f0:01; 0:02; 0:03g for the � and � channels.
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to each other. Also, from the same comparison we
conclude that by considering the short-distance ef-
fects in Ceff

9 , coming from the one-loop matrix ele-

ment of the four quark operators, the sign of hPLNi in
SM4may change compared to the SM prediction. (In
Ref. [18], the short-distance contributions in Ceff

9 are

not considered.) On the other hand, it is seen from
Tables II and III that the SM value at most reaches up
to zero for the � channel and becomes negative for
the � channel. As a result, the SM values can not
interfere with the positive predictions of SM4 for
hPLNi. Furthermore, it is understood from the plots

FIG. 4. The dependence of the hPNTi on the fourth-generation quark mass mt0 for three different values of �sb ¼ f60	; 90	; 120	g
and rsb ¼ f0:01; 0:02; 0:03g for the � and � channels.
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in Fig. 2 that by enhancing rsb, the lower bound of
mt0 , where the error of SM becomes less than the
corresponding deviation from the SM, reduces hap-
pening at 180 GeV 
 mt0 
 200 GeV for the �

case and mt0 � 200 GeV for the � case occurring
at rsb ¼ 0:03.

(iii) Figure 3: While the magnitude of hPLTi for the �
channel of B ! K�

0 decay and B ! K decay

FIG. 5. The dependence of the hPNNi on the fourth-generation quark mass mt0 for three different values of �sb ¼ f60	; 90	; 120	g
and rsb ¼ f0:01; 0:02; 0:03g for the � and � channels.
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changes at most about 60% compared to the SM
prediction, its value reaches up to 18% SM and
11% SM for the � channel of B ! K�

0 and B ! K
decay, respectively. In addition, the comparison of

data in Tables II and III with the points of corre-
sponding plots in Fig. 3 shows that although for the
� channel the upper limit of the uncertainty in the
SM can be hidden by its corresponding deviation

FIG. 6. The dependence of the hPTTi on the fourth-generation quark mass mt0 for three different values of �sb ¼ f60	; 90	; 120	g
and rsb ¼ f0:01; 0:02; 0:03g for the � and � channels.
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from the SM for some specific parameter ranges,
for the � channel this will not happen. As a result,
for establishing the fourth generation of quarks the
measurement of hPLTi for the � channel of the B !
K�

0 transition is not suitable. Our analysis regarding

the � channel also implies this phenomena that by
increasing rsb and �sb the lower limit of an admis-
siblemt0 for discovering new physics starts to lower
such that it occurs in mt0 � 220 GeV for rsb ¼
0:03 and �sb ¼ 120	.

(iv) Figure 4: By comparing this figure with Fig. 2
and using the corresponding data given in
Tables II and III, one can find out that the overall
behavior of hPNTi and hPLNi are to a large
extent the same. However, there are also some
small differences. For example, it is obvious from
Tables II and III that the lower bound of the SM
value gets positive for the � channel and becomes
at least zero for the � channel. As a result, the SM
values can not overlap with the negative predictions
of SM4 for hPNTi. As another example, a compari-
son between plots in Figs. 2 and 4 shows that even
though the lower bound of an acceptable mt0 for the
� case lies at the same range for both asymmetries,
that is, 180 GeV 
 mt0 
 200 GeV, it gets to
mt0 � 220 GeV for the � case for rsb ¼ 0:03 in
Fig. 4. On the other hand, a comparison between
these plots and those of B ! K decay indicates that
the � channel and the � channel of this process
behaves like the � channel and the� channel of the
B to K process, respectively. Therefore, the �
channel of B to K�

0 , which is approximately two

thousand times greater than the SM value, is more
sensitive to the fourth-generation parameters than

its corresponding � channel which is 2 times larger
than the SM value.

(v) Figure 5: For the � channel, both B ! K�
0 and B !

K decays show the same and considerable depen-
dence on the fourth-generation parameters such that
the constructive contribution of new physics enhan-
ces the SM magnitude of hPNNi by a factor of 4.
However, for the � channel, such new physics can
yield only about 50% enhancement to this asymme-
try for the B ! K�

0 process and 30% enhancement to

the same asymmetry for the B ! K transition.
Furthermore, similar to the previous asymmetries,
by increasing rsb and �sb the lower limit of an
admissible mt0 decreases, happening at mt0 �
200 GeV for the � case, and mt0 � 300 GeV for
the � case, occurring at rsb ¼ 0:03 and
�sb ¼ 120	.

(vi) Figure 6: For the� channel, both B ! K�
0 and B !

K decays show similar considerable dependence on
the fourth-generation parameters in such a way that
the magnitude of hPTTi becomes approximately 4
times greater than the SM value. Compared to the
� channel the � channel is such that the destructive
contribution of this new physics is more significant
than the constructive effect which brings down the
value of hPTTi to 11% SM value for the B ! K�

0

transition and 6% SM value for the B ! K process.
Such values for the � channel indicate that the
sensitivity of this asymmetry to the fourth-
generation parameters is not considerable, but as
can be seen from Table III the lower bound of the
corresponding data in the SM can be covered by the
deviation from the SM caused by this new physics
in some parameter ranges. In addition, like the

TABLE III. Same as Table II except for B ! K�
0ð1430Þ�þ��.

hPLLi hPLNi hPLTi hPNTi
0:758þ0:129þ0:013

�0:975�0:013 �0:146þ0:039þ0:006
�0:052�0:006 0:169þ0:052þ0:002

�0:050�0:002 0:016þ0:064þ0:001
�0:008�0:001

hPNNi hPTTi
0:673þ0:174þ0:020

�1:329�0:020 �0:876þ0:495þ0:006
�0:066�0:006

TABLE II. The averaged double-lepton polarization asymmetries for B ! K�
0ð1430Þ�þ�� in

the SM. The errors shown for each asymmetry are due to the theoretical and experimental
uncertainties. The former is related to the theoretical uncertainty and the latter is due to
experimental uncertainty.

hPLLi hPLNi hPLTi hPNTi
�0:937þ0:005þ0:001

�0:007�0:001 �0:0037þ0:0022þ0:0014
�0:0014�0:0021 0:193þ0:020þ0:005

�0:032�0:004 0:046þ0:001þ0:021
�0:002�0:014

hPNNi hPTTi
0:235þ0:040þ0:031

�0:065�0:028 0:195þ0:036þ0:030
�0:060�0:026
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previous cases, our study shows that by increasing
rsb and �sb the lower limit of an admissible mt0

reduces, getting to a minimum at mt0 � 200 GeV
for the � channel, and mt0 � 360 GeV for the �
channel, happening at rsb ¼ 0:03 and �sb ¼ 120	.

Finally, let us discuss briefly whether the lepton polar-
ization asymmetries are measurable in experiments or not.
Experimentally, to measure an asymmetry hPiji of the

decay with branching ratio B at n	 level, the required
number of events (i.e., the number of B �B) is given by the
formula

N ¼ n2

Bs1s2hPiji2
;

where s1 and s2 are the efficiencies of the leptons.
The values of the efficiencies of the � leptons differ from
50% to 90% for their various decay modes [31] and the
error in �-lepton polarization is approximately (10–15)%
[32]. So, the error in measurement of the �-lepton asym-
metries is estimated to be about (20–30)%, and the error in
obtaining the number of events is about 50%.

Based on the above expression for N, in order to detect
the lepton polarization asymmetries in the � and � chan-
nels at 3	 level, the minimum number of required events
are given by (the efficiency of the � lepton is considered
0.5):

(i) for B ! K�
0�

þ�� decay

N �
8><
>:
107 ðfor hPLLi; hPNNi; hPTTiÞ;
108 ðfor hPLTi; hPTLi; hPLNi; hPNLiÞ;
1010 ðfor hPNTi; hPTNiÞ;

(ii) for B ! K�
0�

þ�� decay

N�
8><
>:
1010 ðfor hPLLi;hPLNi; hPNLi;hPNNi; hPTTiÞ;
1011 ðfor hPLTi; hPTLiÞ;
1012 ðfor hPNTi; hPTNiÞ:

Comparing the above values of N to the number of B �B
pairs (� 1012 per year) which will be produced at LHC
experiments (ATLAS, CMS, LHCb), it seems that for the
� channel all double-lepton polarizations and for the �
channel, probably hPLLi, hPLNi, hPNLi, hPNNi, and hPTTi
can be detected at the LHC. However, it should be men-
tioned that the muon polarization can be measured if we

stop muon. It is very difficult to stop and measure the
polarization of muon in the recent experiments. The tau
polarization can be studied by looking at the decay prod-
ucts of tau. The measurement of tau polarization in this
sense is easier than the polarization of muon.

V. SUMMARY

To sum up, in this paper by considering the theoretical
and experimental uncertainties in SMwe have presented an
analysis of the double-lepton polarization asymmetries for
B ! K�

0‘
þ‘� decay using the SM4 model. At the same

time, we have compared our results to those of B !
K‘þ‘� decay and the following conclusions are obtained:
(i) Except for hPNTi in both � and � channels, the

behavior of all other asymmetries in B ! K�
0‘

þ‘�
decay versus mt0 , rsb, and �sb are, to a large extent,
the same as those for B ! K‘þ‘� decay.

(ii) In the � channel, except for hPLLi, which does not
show any sensitivity to the fourth-generation pa-
rameters, all other asymmetries have a chance to
show a sign of new physics at the minimum value of
mt0 around 200 GeV.

(iii) In the � channel, only for the asymmetries hPLNi
and hPNTi is there a possibility to see the effect of
the fourth generation at the minimum value of mt0 ,
about 200 GeV. However, due to the constraints on
the number of B �B pairs produced at the LHC, only
the hPLNi value can be helpful for discovering the
new generation of quarks. The asymmetries hPLLi,
hPNNi, and hPTTi can also be significant for finding
such new physics at mt0 � 300 GeV.

Based on the above discussion, we found out that within
some specific parameter ranges most of these asymmetries
can show considerable dependency on the fourth-
generation parameters which can be detected at the LHC.
Therefore, considering B ! K�

0‘
þ‘� decay, it provides an

opportunity to investigate the validity of the fourth-
generation of quarks theory in near future.
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