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In this paper we present a study of CP asymmetry, single lepton polarization asymmetry and polarized

CP asymmetry in B ! K�‘þ‘� decay within the four-generation standard model. Taking jV�
t0sVt0bj ¼

0:01, 0.02, 0.03 with phase f60�–120�g, which is consistent with the b ! s‘þ‘� rate and the Bs mixing

parameter �mBs, we find that CP asymmetry, single lepton polarization asymmetry and polarized CP

asymmetry are sensitive to the existence of the fourth generation. This can serve as an indirect method to

search for new physics effects, in particular, to search for the fourth-generation quarksðt0; b0Þ via their

indirect manifestations in loop diagrams.
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I. INTRODUCTION

The simple replication of chiral matter is a straightfor-
ward extension of the standard model. This fourth genera-
tion is often considered and ruled out or disfavored by
many researchers. This extension has recently gained more
attention (for the most recent studies see [1]) after mea-
surement of direct CP-asymmetry of B ! K� decays [2]
and the nonvanished CP phase measured in b ! s transi-
tion by CDF [3] and D0 [4]. These issues, in particular, the
nonvanished CP phase measured in b ! s transition can-
not be explained by 3� 3 the Cabibbo-Kobayashi-
Maskawa (CKM) matrix. A consequential extension of
the three-generation standard model (SM3) to the four-
generation standard model (SM4) has better solutions to
some of the theoretical and experimental problems. Such
extension can include extra weak phases in the quark
mixing matrix. This might introduce a better solution to
the problem related to baryogensis [5]. SM4 can also
explain the direct CP-asymmetry of B ! K� decays [6].
The reasons for discarding the fourth family are based on
the interpretation of electroweak precision data and LEP II
experiments. Kribs et al. indicated that the electroweak
precision tests are not in conflict with the existence of the
fourth family if the quark mass of the fourth generation
satisfy the following relation [7]:

mt0 �mb0 �
�
1þ 1

5
ln
mH

115

�
� 55: (1)

One of the consequences of their study is extension of
the bounds on the Higgs mass [7]. Furthermore, a 4� 4
CKM matrix includes more weak phases than the 3� 3
CKM which leads to sizable increases in the calculation of

CP asymmetry [8,9]. The 4� 4 CKM matrix clearly af-
fects flavor physics [10–14]. Considering many aspects of
the fourth family, some of which are discussed above, the
search for the fourth family must be included in the LHC.
In this study, we enlarge the standard model with a

complete sequential fourth family of the chiral quark.
The fourth quark can contribute in the flavor-changing
neutral processes (which are loop induced in the SM)
like the other three generations. Thus, the mass and mixing
parameters of 4� 4 CKM can change the rate of the
physical observables, with respect to the three-generation
standard model (SM3) calculations. b ! s‘þ‘� is a loop-
induced transition in the SM. Like u, c, t quarks, the fourth
family t0 quark can contribute in this transition. B !
K�‘þ‘� decay in the quark level is described by b !
s‘þ‘� transition. B ! K�‘þ‘� decay has been widely
studied within SM and beyond [15–23]. The various ob-
servables of this decay are going to be measured at the
LHCb. Here, we study the CP asymmetry, single lepton
polarization asymmetry and polarized CP asymmetry in
B ! K�‘þ‘� decay in the SM4. Note that single and
double lepton polarization asymmetries have been studied
in the SM3 and in the model independent approach by
Refs. [24,25].
The outline of the paper is as follows: In Sec. II, we

calculate the decay amplitude and single lepton polariza-
tion CP asymmetry of the B ! K�‘þ‘� decay within
SM4. In Sec. III we present the calculation of unpolarized
and polarized CP asymmetry. Section IV is devoted to the
numerical analysis and discussion of the considered tran-
sition as well as our conclusions.

II. STRATEGY

In this section, we present the theoretical expressions for
the decay widths within SM4. As we mention above, t0 can
contribute to the b ! s transition as u, c and t quarks do.
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As a result of this contribution the Wilson coefficient of the
SM3 is modified. It is easy to see that if we enlarge the
standard model with a complete sequential fourth family of
the chiral quark the new operators do not appear. In other
words, the full operator set for the SM4 is exactly the same
as in the SM3.

The Wilson coefficients are modified as follows:

�tCi ! �tC
SM
i þ �t0C

new
i ; (2)

where �f ¼ V�
fbVfs. The unitarity of the 4� 4 CKM

matrix leads to

�u þ �c þ �t þ �t0 ¼ 0: (3)

One can neglect �u ¼ V�
ubVus in Eq. (2) which is very

small in strength compared to the others (j�uj � 10�3).
Then, �t � ��c � �t0 .

Now, we can rewrite Eq. (1) as

�tC
SM
i þ �t0C

new
i ¼ ��cC

SM
i þ �t0 ðCnew

i � CSM
i Þ: (4)

It is clear that when mt0 ! mt or �t0 ! 0, �t0 ðCnew
i � CSM

i Þ
vanishes. This is also required by the GIM mechanism.

The most important operators for B ! Xs‘
þ‘� are

O7 ¼ e

16�2
�mbð�Þð�sL���bRÞF��;

O9 ¼ �em

4�
ð�sL��bLÞð �‘��‘Þ;

O10 ¼ �em

4�
ð �sL��bLÞð �‘���5‘Þ:

(5)

The large q2 region is usually considered less favorable,
because it has a smaller rate and suffers from large non-
perturbative corrections. However, the experimental effi-
ciency is better there [26]. For small values of q2, the
operator O7 becomes dominant due to the 1=q2 pole in
the photon propagator. At high q2 region the O7 contribu-
tion is rather small [27]. The rate in the high q2 region has a
smaller renormalization scale dependence and mc depen-
dence [28]. Despite the experimental advantages, the large
q2 region is less favored, because it has a large hadronic
uncertainty [29]. The 1=m3

b corrections are not much

smaller than the 1=m2
b ones [30] when the operator product

expansion becomes an expansion in �QCD=ðmb �
ffiffiffiffiffi
q2

p Þ
[31] instead of �QCD=mb.

The QCD corrected effective Hamiltonian for the b !
s‘þ‘� transitions leads to the following free quark decay
amplitude:

M ¼ GFVtbV
�
tsffiffiffi

2
p

�
�em

�
Ctot
9 ð �s��PLbÞ �‘��‘

þ Ctot
10ð �s��PLbÞ �‘���

5‘

� 2Ctot
7 �si���

q�

q2
ðmbPR þmsPLÞb �‘��‘

�
; (6)

where q2 ¼ ðp1 þ p2Þ2 and p1 and p2 are the final leptons
four-momenta and the chiral projection operators PL and

PR are defined as

PL ¼ 1� �5

2
; PR ¼ 1þ �5

2
;

and Ctot
i ’s are as follows:

Ctot
i ð�Þ ¼ Ceff

i ð�Þ þ �t0

�t

Cnew
i ð�Þ; (7)

where the last terms in these expressions describe the
contributions of the t0 quark to the Wilson coefficients.
�t0 can be parametrized as

�t0 ¼ V�
t0bVt0s ¼ rsbe

i�sb : (8)

Neglecting the terms of Oðm2
q=m

2
WÞ, q ¼ u, d, c, the

analytic expressions for all Wilson coefficients in the SM
in the leading order (LO) and in the next-to-leading loga-
rithmic approximation (NLO) can be found in [32–42].
The explicit forms of the Cnew

i can be obtained from the
corresponding expression of the Wilson coefficients in the
SM by substituting mt ! mt0 .
We neglect long-distance resonance effects, which have

their origin in real intermediate c �c family, in the ampli-
tudes (or in the OPE) for simplicity.
The matrix element for the exclusive decay can be

obtain by sandwiching Eq. (6) between initial hadron state
BðpBÞ and final hadron stateK� in terms of form factors as:

hK�ðpK� ; "Þj�s��ð1� �5ÞbjBðpBÞi

¼ �	��
�"
��p


K�q�
2Vðq2Þ

mB þmK�

� i"�ðmB þmK� ÞA1ðq2Þ

� iðpB þ pK� Þ�ð"�qÞ A2ðq2Þ
mB þmK�

� iq�
2mK�

q2
ð"�qÞ½A3ðq2Þ � A0ðq2Þ	: (9)

hK�ðpK� ; "Þj �si���q
�ð1� �5ÞbjBðpBÞi

¼ 4	��
�"
��p
q�T1ðq2Þ � 2i½"��ðm2

B �m2
K� Þ

� ðpB þ pK� Þ�ð"�qÞ	T2ðq2Þ

� 2ið"�qÞ
�
q� � ðpB þ pK� Þ� q2

m2
B �m2

K�

�
T3ðq2Þ:

(10)

Using the equation of motion, the form factor A3ðq2Þ can
be written in terms of the form factors A1ðq2Þ, A2ðq2Þ as
follows:

A3 ¼ mB þmK�

2mK�
A1 �mB �mK�

2mK�
A2: (11)

In order to guarantee the finiteness of Eq. (9) at the q2 ¼ 0,
we demand that A3ðq2 ¼ 0Þ ¼ A0ðq2 ¼ 0Þ.
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Using the above definitions the transition operator is
calculated as

M ¼ GF�

4
ffiffiffi
2

p
�
VtbV

�
tsf �‘��ð1� �5Þ‘½�2B0	����"

��p�
K�q�

� iB1"
�
� þ iB2ð"�qÞðpB þ PK� Þ� þ iB3ð"�qÞq"�	

þ �‘��ð1þ �5Þ‘½�2C1	����"
��p�

K�q� � iD1"
�
�

þ iD2ð"�qÞðpB þ PK� Þ� þ iD3ð"�qÞq"�	g (12)

B0 ¼ Ctot
LL

V

mB þmK�
� 2ðCtot

BR þ Ctot
SLÞ

T1

q2

B1 ¼ Ctot
LLðmB þmK� ÞA1 � 2ðCtot

BR � Ctot
SLÞðm2

B �m2
K� ÞT2

q2

B2 ¼ Ctot
LL

A2

mB þmK�
� 2ðCtot

BR � Ctot
SLÞ

1

q2

�
�
T2 þ q2

m2
B �m2

K�
T3

�

B3 ¼ 2mK�Ctot
LL

A3 � A0

q2
þ 2ðCtot

BR � Ctot
SLÞ

T3

q2

C1 ¼ B0ðCtot
LL ! Ctot

LRÞ D1 ¼ B1ðCtot
LL ! Ctot

LRÞ
D2 ¼ B2ðCtot

LL ! Ctot
LRÞ D3 ¼ B3ðCtot

LL ! Ctot
LRÞ (13)

where Ctot
SL ¼ �2msC

tot
7 , Ctot

BR ¼ �2mbC
tot
7 , Ctot

LL ¼ Ctot
9 �

Ctot
10 and Ctot

LL ¼ Ctot
9 þ Ctot

10 .

From matrix element Eq. (12) it is easy to derive the
invariant dilepton mass spectrum for the B ! K�‘þ‘�
decay corresponding to the transversally, normally and
longitudinally polarized lepton ‘�:

d�ð ~nÞ
dq2

¼ 1

2

�
d�

dq2

�
0
½1þ ðPL ~eL þ PN ~eN þ PT ~eTÞ: ~n	 (14)

where single lepton polarizations are defined as

Piðq2Þ ¼
d�ð ~n¼ ~eiÞ

dq2
� d�ð ~n¼� ~eiÞ

dq2

d�ð ~n¼ ~eiÞ
dq2

þ d�ð ~n¼� ~eiÞ
dq2

the expression for unpolarized decay spectrum is calcu-
lated as

�
d�

dq2

�
0
¼ G2

F�
2

214�5mB

jVtbV
�
tsj2v

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�ð1; r; sÞp

�; (15)

with �ðr; sÞ ¼ 1þ s2 þ r2 � 2r� 2s� 2rs and

�¼ 32

3
m4

B�½ðm2
Bs�m2

‘ÞðjB0j2þjC1j2Þþ 6m2
‘ReðB0C

�
1Þ	þ 96m2

‘ReðB1D
�
1Þþ

8

r
m2

Bm
2
‘�ðRe½B1ð�B�

3þD�
2þD�

3Þ	

þRe½D1ð�D�
3þB�

2þB�
3Þ	Þþ

8

r
m4

Bm
2
‘ð1� rÞ�Re½ðB2�D2ÞðB�

3�D�
3Þ	�

8

r
m4

Bm
2
‘ð2þ 2r� sÞ�ReðB2D

�
2Þ

þ 4

r
m4

Bm
2
‘s�jB3�D3j2� 8

3rs
m2

B�½m2
‘ð2� 2rþ sÞþm2

Bsð1� r� sÞ	½ReðB1B
�
2ÞþReðD1D

�
2Þ	

þ 4

3rs
½2m2

‘ð�� 6rsÞþm2
Bsð�þ 12rsÞ	ðjB1j2þjD1j2Þþ 4

3rs
m4

B�ðm2
Bs�þm2

‘½2�þ 3sð2þ 2r� sÞ	ðjB2j2Þþ jD2j2Þ:
(16)

Using the definition of lepton polarization we obtain the expression for PL, PN and PT :

PL ¼ 4

�
m2

Bv

�
1

3r
�2m4

B½jB2j2 � jD2j2	 þ 8

3
�m4

Bs½jB0j2 � jC1j2	 � 2

3r
m2

B�ð1� r� sÞ½ReðB1B
�
2Þ � ReðD1D

�
2Þ	

þ 1

3r
ð�þ 12rsÞ½jB1j2 � jD1j2	

�
(17)

PT ¼ �

�
mB

ffiffiffiffiffiffi
s�

p �
�8m2

Bm‘ Re½ðB0 þ C1ÞðB�
1 þD�

1Þ	 þ
1

r
m2

Bm‘ð1þ 3r� sÞ½ReðB1D
�
2Þ � ReðB2D

�
1Þ	 þ

1

rs
m‘ð1� r� sÞ

� ½jB1j2 � jD1j2	 � 1

r
m2

Bm‘ð1� r� sÞRe½ðB1 þD1ÞðB�
3 �D�

3Þ	 þ
1

rs
m4

Bm‘ð1� rÞ�½jB2j2 � jD2j2	

þ 1

r
m4

Bm‘�Re½ðB2 þD2ÞðB�
3 �D�

3Þ	 �
1

rs
m2

Bm‘½�þ ð1� r� sÞð1� rÞ	½ReðB1B
�
2Þ � ReðD1D

�
2Þ	

�
(18)
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PN ¼ �

�
vm3

B

ffiffiffiffiffiffi
s�

p f8m‘ Im½ðB�
1C1Þ þ ðB�

0D1Þ	

þ 1

r
m2

Bm‘� Im½ðB2 �D2ÞðB�
3 �D�

3Þ	

� 1

r
m‘ð1þ 3r� sÞ Im½ðB1 �D1ÞðB�

2 �D�
2Þ	

� 1

r
m‘ð1� r� sÞ Im½ðB1 �D1ÞðB�

3 �D�
3Þ	: (19)

III. UNPOLARIZED AND POLARIZED CP
ASYMMETRY

The normalized CP asymmetry defined in terms of the
difference of decay rate of particle and antiparticle chan-
nels are as follows [43–45]:

ACPð ~n ¼ � ~eiÞ ¼
d�ðŝ; ~nÞ

dŝ � d ��ðŝ; �~nÞ
dŝ

ðd�ðŝÞdŝ Þ0 þ ðd ��ðŝÞdŝ Þ0
; (20)

where

d�ðŝ; ~nÞ
dŝ

¼ d�ðB ! K�‘þ‘�ð ~nÞÞ
dŝ

;

d ��ðŝ; ~�nÞ
dŝ

¼ d�ð �B ! �K�‘þð ~�nÞ‘�Þ
dŝ

;

(21)

here, ~n and ~�n are the spin directions for ‘� and ‘þ for
B-decay and �B-decay, respectively, and i ¼ L;N; T.

Taking into account the fact that ~�eL;N ¼ � ~eL;N , and ~�eT ¼
~eT , we obtain

ACPð ~n ¼ � ~eiÞ ¼ 1

2

�ðd�dŝÞ0 � ðd ��dŝÞ0
ðd�dŝÞ0 þ ðd ��dŝÞ0

� ðd�dŝÞ0Pi � ððd�dŝÞ0PiÞjð�t0=�tÞ!ð�t0=�tÞ�

ðd�dŝÞ0 þ ðd ��dŝÞ0

�
:

(22)

Using Eq. (16), we get from Eq. (22),

ACPð ~n ¼ � ~eiÞ � 1

2

�
�� ��

�þ ��
� �i � ��i

�þ ��

�

¼ 1

2
fACPðŝÞ � Ai

CPðŝÞg; (23)

where the upper sign in the definition of Ai
CP corresponds

to L and N polarizations, while the lower sign corresponds
to T polarization.
The Ai

CPðŝÞ terms in Eq. (23) describe an additional

contribution to the unpolarized CP asymmetry. We calcu-
late the ACPðŝÞ and Ai

CPðŝÞ. The results are given as

ACPðsÞ ¼
�4 Imð�t0

�t
Þ�

2�þ 4 Imð�t0
�t
Þ�

Ai
CPðsÞ ¼

�4 Imð�t0
�t
Þ�i

2�þ 4 Imð�t0
�t
Þ� ; i ¼ L; T; N

(24)

where the explicit expressions for �ðŝÞ and �iðŝÞ, where
i ¼ L, N, T, are as follows:

�ðsÞ ¼ V1fImðCSM�
7 Cnew

9 Þ þ ImðCnew
7 ��

1Þg þ V2 ImðCSM�
7 Cnew

7 Þ þ V3 ImðCnew
9 ��

1Þ

�LðsÞ ¼ � m2
Bsv

2m2
‘ þm2

Bs
ðV3fImðCSM�

10 Cnew
9 Þ þ ImðCnew

10 ��
1Þg þ V1ImðCSM�

10 Cnew
7 ÞÞ

�TðsÞ ¼ �mB

ffiffiffiffiffiffi
s�

p ðV4fImðCSM�
7 Cnew

9 Þ þ ImðCnew
7 ��

1Þg þ V5fImðCSM�
10 Cnew

9 Þ þ ImðCnew
10 ��

1Þg þ V6 ImðCSM�
10 Cnew

7 Þ
� V7 ImðCSM�

7 Cnew
7 Þ þ V8 ImðCnew

9 ��
1ÞÞ

�NðsÞ ¼ �

2
vmB

ffiffiffiffiffiffi
s�

p ðV8fReðCSM�
10 Cnew

9 Þ þ ReðCnew
10 ��

1Þg þ V4fReðCSM�
10 Cnew

7 Þ þ ReðCSM
7 Cnew�

10 ÞgÞ (25)

with

V. BASHIRY, N. SHIRKHANGHAH, AND K. ZEYNALI PHYSICAL REVIEW D 80, 015016 (2009)

015016-4



V1 ¼
32ð2m2

‘ þm2
BsÞ

3m2
BðmB �mK� ÞðmB þmK� Þ2rs2 ðA2�m

2
Bðmb �msÞfm4

K� ð�1þ rþ sÞT2 �m2
Bm

2
K� ð�þ 2ð�1þ rþ sÞÞT2

þm4
Bðð�1þ �þ rþ sÞT2 þ �sT3Þg þ ðmB þmK� ÞfA1ðmB þmK� Þðmb �msÞ½12ðm2

B �m2
K� Þ2rsT2

þ �ðm4
K�T2 �m2

Bm
2
K� ð1þ rþ sÞT2 þm4

BðsðT2 þ ð�1þ sÞT3Þ þ rðT2 þ sT3ÞÞÞ	
þ 8�m4

BðmB �mK� Þðmb þmsÞrsT1VgÞ

V2 ¼ 128ð2m2
‘ þm2

BsÞ
3m2

Bðm2
B �m2

K� Þ2rs3 ð12ðm
2
B �m2

K� Þ4ðmb �msÞ2rsT2
2 þ �2m4

Bðmb �msÞ2ðm2
K�T2 �m2

BðT2 þ sT3ÞÞ2

þ �ðm2
B �m2

K� Þ2f2mbms½�m4
K�T2 þ 2m2

Bm
2
K� ðrþ sÞT2

2 þm4
BðT2ðT2 � 2sT2 � 2ð�1þ sÞsT3Þ

þ rð8sT2
1 � 2T2

2 � 2sT2T3ÞÞ	 þ ðm2
b þm2

sÞ½m4
K�T2

2 � 2m2
Bm

2
K� ðrþ sÞT2

2 þm4
BðT2ðð�1þ 2sÞT2 þ 2ð�1þ sÞsT3Þ

þ 2rð4sT2
1 þ T2

2 þ sT2T3ÞÞ	gÞ

V3 ¼ 8ð2m2
‘ þm2

BsÞ
3ðmB þmK� Þ2rs ð2A1A2�m

2
BðmB þmK� Þ2ð�1þ rþ sÞ þ A2

1ðmB þmK� Þ4ð�þ 12rsÞ þ �m4
BðA2

2�þ 8rsV2ÞÞ

V4 ¼ �64m‘

s
ðA1ðmB þmK� Þðmb þmsÞT1 þ ðmB �mK� Þðmb �msÞT2VÞ

V5 ¼ 2m‘

ðmB þmK� Þ2rs ðf2ðA0 � A3ÞmK� ðmB þmK� Þ þ A1ðmB þmK� Þ2 þ A2m
2
Bð�1þ rÞg

� fA2�m
2
B þ A1ðmB þmK� Þ2ð�1þ rþ sÞgÞ

V6 ¼
4m2

‘ðmb �msÞ
m2

BðmB �mK� ÞðmB þmK� Þ2rs2 ð4ðA0 � A3ÞmK� ðmB þmK� Þfm4
K� ð�1þ rþ sÞT2 �m2

Bm
2
K� ð�þ 2ð�1þ rþ sÞÞT2

þm4
Bðð�1þ �þ rþ sÞT2 þ �sT3Þg þ A2m

2
Bfm4

K� ð1þ �� 2rþ r2 þ 4rs� s2ÞT2

� 2m2
Bm

2
K� ð1þ r2 � s2 þ rð�2þ �þ 4sÞÞT2 þm4

Bðð1� �� 2rþ 2�rþ r2 þ 4rs� s2ÞT2 þ 2�ð�1þ rÞsT3Þg
þ A1ðmB þmK� Þ2f2m4

K� ð�1þ rþ sÞT2 �m2
Bm

2
K� ½�3þ �þ r2 � 2rð�1þ sÞ þ 2sþ s2	T2

þm4
B½ð�1þ �þ r2 � 2rsþ s2ÞT2 þ sð�þ r2 þ ð�1þ sÞ2 � 2rð1þ sÞÞT3	gÞ

V7 ¼ 512m‘

m2
Bs

2
ðm2

B �m2
K� Þðm2

b �m2
sÞT1T2V8 ¼ �32m‘m

2
BA1V:

IV. NUMERICAL ANALYSIS

We have tried to analyze the dependency of the various
asymmetries on the fourth-generation quark mass (mt0) and
the product of quark mixing matrix elements (V�

t0bVt0s ¼
rsbe

i�sb). For numerical evaluation, we use the various
particle masses and lifetimes of the B meson from [46].
The quark masses (in GeV) we used are mb ¼ 4:8, mc ¼
1:35, mt ¼ 175 GeV, mW ¼ 80:41 GeV the CKM matrix
elements as jVcbV

�
csj ¼ 0:041, � ¼ 1=128 and the weak

mixing angle sin2�W ¼ 0:23.
The input parameters we used for Wilson coefficients in

the SM are shown in Table I.
In order to perform quantitative analysis of the physical

observables, numerical values for the new parameters

ðmt0 ; rsb; �sbÞ are necessary. Using the experimental values
of B ! Xs� and B ! Xs‘

þ‘�, the bounds on rsb �
f0:01� 0:03g, �sb � f�=3� 2�=3g and mt0 �
f200; 600g ðGeVÞ have been obtained [8,47]. Also consid-
ering �mBs

, �sb receives a strong restriction (�sb � �=2)

[48].
For the values of the form factors, we have used the

results of [49], where the radiative corrections to the lead-
ing twist contribution and SUð3Þ breaking effects are also
taken into account. The q2 dependence of the form factors
can be represented in terms of three parameters as

Fðq2Þ ¼ Fð0Þ
1� aF

q2

m2
B

þ bFðq2m2
B

Þ2
;

TABLE I. The Wilson coefficients cið�Þ at the scale � ¼ mb;pole in the SM. Here ceff7 

c7 � 1

3 c5 � c6.

�C1
�C2

�C3
�C4

�C5
�C6 Ceff

7 C9 C10

þ1:107 �0:248 �0:011 �0:026 �0:007 �0:031 �0:313 4.344 �4:669
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where the values of parameters Fð0Þ, aF and bF for the
B ! K� decay are listed in Table II.

From explicit expressions of the lepton polarizations and
other observables one can easily see that they depend on
both q2 and the new parameters ðmt0 ; rsbÞ. We should
eliminate the dependence of the lepton polarization on
one of the variables. We eliminate the variable q2 by
performing integration over q2 in the allowed kinematical
region. The averaged lepton polarizations and CP asym-
metries are defined as

hP ðAÞi ¼
Rð1�

ffiffiffiffi
r̂K

p
Þ2

4m̂2
‘

P ðAÞ dBdŝ dŝ
Rð1�

ffiffiffiffi
r̂K

p
Þ2

4m̂2
‘

dB
dŝ dŝ

:

Figures 1–5 depict the dependency of the single lepton
polarization asymmetries in terms of mixing angle �sb for
fixed value of the fourth-generation quark mass (mt0 ¼
400 GeV) and three different values of the rsb. Fig-
ures 6–8 show the dependency of unpolarized and polar-
ized CP asymmetry on the�sb for three different values of
rsb ¼ 0:01, 0.02, 0.03 when the fourth-generation quark
mass (mt0 ¼ 400 GeV). It is worth mentioning that though
we show figures for fixed value of up-type quark (mt0 ¼
400 GeV), a full analysis of the t0 mass dependence would

require a phenomenological analysis that goes beyond the
purpose of the present paper. Note also that hPNi, hACPi,
hAL

CPi, hAT
CPi and hAN

CPi; for the � channel do not deviate

from the SM3 values significantly. Hence, we do not
present their predictions in the figures.
(i) hPLi depicts strong dependency on mixing angle

�sb. The magnitude of hPLi is suppressed when
�sb takes small values (less than about 80�) for the
� channel (see Fig. 1). For high values of �sb, hPLi
is enhanced for the muon channel. While hPLi for the
tau channel is enhanced at low values of �sb, it is
suppressed at high values (see Fig. 2).

(ii) hPTi is increased by the parameters of fourth gener-
ations for muon lepton (see Fig. 3). For the tau
channel the dependency is both increasing an de-
creasing depending on the values of �sb (see Fig. 4).
The discrepancy with respect to the SM3 values
almost vanishes when �sb � 90� for the tau
channel.

TABLE II. B meson decay form factors in a three-parameter
fit, where the radiative corrections to the leading twist contribu-
tion and SU(3) breaking effects are taken into account.

Fð0Þ aF bF

AB!K�
1 0:34� 0:05 0.60 �0:023

AB!K�
2 0:28� 0:04 1.18 0.281

VB!K�
0:46� 0:07 1.55 0.575

TB!K�
1 0:19� 0:03 1.59 0.615

TB!K�
2 0:19� 0:03 0.49 �0:241

TB!K�
3 0:13� 0:02 1.20 0.098
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FIG. 1 (color online). The dependence of the hPLi for the B !
K��þ�� decay on mixing angle � for three different values of
rsb ¼ 0:01, 0.02, 0.03 when the fourth-generation quark mass
mt0 ¼ 400 GeV.
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FIG. 3 (color online). The dependence of the hPTi for the B !
K��þ�� decay on mixing angle � for three different values of
rsb ¼ 0:01, 0.02, 0.03 when the fourth-generation quark mass
mt0 ¼ 400 GeV.
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FIG. 2 (color online). The same as in Fig. 1, but for the tau
lepton channel.
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(iii) hPNi changes its sign when compare to the corre-
sponding SM3 values for the tau channel. Also the
magnitude of hPNi shows sizable discrepancy with
respect to the SM3 value (see Fig. 5).

(iv) While hACPi and hAL
CPi is enhanced by the different

values of �sb and rsb for the tau channel, hAN
CPi is

suppressed for the same values of �sb and rsb.
Finally, a quantitative estimation about the ability to

measure the various physical observables is in order. An
observation of a 3� signal for an asymmetry of the order of
the 1% for the branching ratio in order of �10�6 requires
about �1010 B.

The number of b �b pairs that are produced at B–factories
and LHC are about �5� 108 and 1012 respectively.
Although these statistics indicate that the lepton polariza-
tion and unpolarized and polarized CP asymmetries in the
B ! K�‘þ‘� decay may be detectable at LHC, the various
technical problems and the efficiency of detecting lepton
polarization, particularly tau leptons, makes the proposed
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FIG. 5 (color online). The dependence of the hPLi for the B !
K�
þ
� decay on mixing angle � for three different values of
rsb ¼ 0:01, 0.02, 0.03 when the fourth-generation quark mass
mt0 ¼ 400 GeV.
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FIG. 4 (color online). The same as in Fig. 3, but for the tau
lepton channel.
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FIG. 8 (color online). The same as in Fig. 6, but for the
normally polarized CP asymmetry hAN

CPi.
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� decay on mixing angle� for three different values
of rsb ¼ 0:01, 0.02, 0.03 when the fourth-generation quark mass
mt0 ¼ 400 GeV.
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observables a highly challenging task for future hadronic
collider experiments like LHCb, ATLAS or CMS. If we put
this challenging issue aside, it is worth mentioning that the
ratio of physical observables (for instance, CP asymmetry)
suffers less from the uncertainty among the form factors
where large parts of the uncertainties partially cancel out.

To sum up, we studied single lepton polarization and
polarized and unpolarized CP asymmetry in B ! K�‘þ‘�

decay with the four-generation standard model (SM4). We
found that these physical observables are sensitive to the
values of new quarks’ mixing parameters and fourth-quark
mass mt0 . If we overcome the technical challenges, the
measurement of magnitude and sign of some of these
physical observables, which are less sensitive to the had-
ronic uncertainties than the branching ratio, can be used to
search for new physics effects indirectly.

[1] M. Bobrowski, A. Lenz, J. Riedl, and J. Rohrwild, Phys.
Rev. D 79, 113006 (2009).

[2] E. Barberio (Heavy Flavor Averaging Group), arXiv:hep-
ex/0603003.

[3] T. Aaltonen et al. (CDF Collaboration), Phys. Rev. Lett.
100, 161802 (2008).

[4] V.M. Abazov et al. (D0 Collaboration), Phys. Rev. Lett.
101, 241801 (2008).

[5] W. S. Hou, Chin. J. Phys. (Taipei) 47, 134 (2009).
[6] W. S. Hou, M. Nagashima, and A. Soddu, Phys. Rev. D 76,

016004 (2007).
[7] G. D. Kribs, T. Plehn, M. Spannowsky, and T.M. P. Tait,

Phys. Rev. D 76, 075016 (2007).
[8] K. Zeynali and V. Bashiry, Phys. Rev. D 78, 033001

(2008).
[9] W. S. Hou, M. Nagashima, and A. Soddu, Phys. Rev. Lett.

95, 141601 (2005).
[10] W. S. Hou, M. Nagashima, and A. Soddu, Phys. Rev. D 76,

016004 (2007).
[11] A. Arhrib and W. S. Hou, J. High Energy Phys. 07 (2006)

009.
[12] W. S. Hou, M. Nagashima, and A. Soddu, Phys. Rev. Lett.

95, 141601 (2005).
[13] V. Bashiry, S.M. Zebarjad, F. Falahati, and K. Azizi, J.

Phys. G 35, 065005 (2008).
[14] V. Bashiry and K. Zeynali, J. High Energy Phys. 12 (2007)

055.
[15] A. Ali, P. Ball, L. T. Handoko, and G. Hiller, Phys. Rev. D

61, 074024 (2000).
[16] A. Ali, E. Lunghi, C. Greub, and G. Hiller, Phys. Rev. D

66, 034002 (2002).
[17] M. Beneke, T. Feldmann, and D. Seidel, Nucl. Phys. B612,

25 (2001).
[18] T. Feldmann and J. Matias, J. High Energy Phys. 01

(2003) 074.
[19] F. Kruger and J. Matias, Phys. Rev. D 71, 094009 (2005).
[20] C. Bobeth, G. Hiller, and G. Piranishvili, J. High Energy

Phys. 07 (2008) 106.
[21] U. Egede, T. Hurth, J. Matias, M. Ramon, and W. Reece, J.

High Energy Phys. 11 (2008) 032.
[22] C. H. Chen, C. Q. Geng, and L. Li, Phys. Lett. B 670, 374

(2009).
[23] W. Altmannshofer, P. Ball, A. Bharucha, A. J. Buras,

D.M. Straub, and M. Wick, J. High Energy Phys. 01
(2009) 019.

[24] T.M. Aliev, M.K. Cakmak, and M. Savci, Nucl. Phys.

B607, 305 (2001).
[25] T.M. Aliev, V. Bashiry, and M. Savci, J. High Energy

Phys. 05 (2004) 037.
[26] K. S.M. Lee and F. J. Tackmann, Phys. Rev. D 79, 114021

(2009).
[27] Z. Ligeti and F. J. Tackmann, Phys. Lett. B 653, 404

(2007); Tobias Hurth, arXiv:hep-ph/0703226; C. Greub,
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