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Abstract
In this paper, we investigate the effects of fourth generation quarks in the unpolarized
and polarized forward-backward asymmetries of 𝐵 → 𝜙ℓ+ ℓ− decay. The fourth
generation quarks change the values of Wilson coefficients in effective Hamiltonian
which is the main part of differential decay rate. Taking the |𝑉𝑡 ′𝑏 𝑉𝑡∗′𝑠 |~{0.02} with
phase {90𝜊 }, we conclude that the forward-backward asymmetries of 𝐵 → 𝜙𝑙 + 𝑙 − decay
is very sensitive to existing of new parameters of fourth generation quarks for both
(𝜇, 𝜏) leptons. In the end, It seems that the study of the forward-backward asymmetries
can be a very useful tool for establishing new physics beyond Standard model as well as
B-physics experiments.
Keywords: Fourth generation quarks, Forward-backward asymmetries, Effective
Hamiltonian, Wilson coefficients.
1 Introduction
Fourth generation standard model (denoted SM4) is an attractive and new version of
Standard Model (SM) with three generation of fermions (i.e. quarks and leptons) [1,2].
Although the LHC (Large Hadron Corridor) researches have not discovered directly the
heavy fourth generation 𝑡 ′ and 𝑏 ′ quarks so far. One of the efficient ways to establish
the existence of the 4th generation is via their indirect manifestations in loop diagrams.
There are many works in various field that approve the existence of fourth generation
quarks for instance Higgs and neutrino physics, Cosmology and dark matter [3-8].
In this paper we investigate the possibility of new physics in the heavy baryon decays
𝐵 → 𝜙ℓ+ ℓ− using the Standard Model with fourth generation 𝑡 ′ and 𝑏 ′ quarks. The
fourth quark (t′), like u, c, t quarks, contributes in the b → s(d) transition at loop level. It
would, Clearly, change the branching ratio and asymmetries such as forward-backward,
CP-violation and polarizations. The sensitivity of the CP asymmetry, double lepton
polarization and single lepton polarization asymmetries to the existence of fourth
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generation quarks in 𝐵 → 𝜙ℓ+ ℓ− decay is investigated in [9-11] and it is obtained that
these asymmetries are very sensitive to the fourth generation parameters (𝑚𝑡 ′ , 𝑟𝑠𝑏 , 𝜙𝑠𝑏 ).
One of the most important experimental quantity for searching the new physics (NP) and
new signs about particles is forward-backward asymmetry. In this work, we study the
forward-backward asymmetries for 𝐵 → 𝜙ℓ+ ℓ− decay with four generation of quarks.
This paper is organized as follows. In Section II, we drive the differential decay rate
using effective Hamiltonian in the presence of fourth generation quarks (𝑡 ′ , 𝑏 ′ ). Section
III devoted to calculation of the analytic expressions for the forward-backward
asymmetries. Finally, the numerical analysis of forward-backward asymmetries for
𝐵 → 𝜙ℓ+ ℓ− decay with our consequences have been presented in section IV.
2 Differential decay rate
For investigation of any physical quantity in particle physics such as CP violation,
Polarization asymmetry and other experimental quantities, we need to calculate the
differential decay rate. The differential decay rate of 𝐵 → 𝜙ℓ+ ℓ− decay will be
determine via effective Hamiltonian at level quark for 𝑏 → 𝑠ℓ+ ℓ− transition as

(1)
Where 𝒪𝑖 and 𝒞𝑖 are the full set operators and the corresponding Wilson coefficients
respectively which are given in [12]. Considering above items, matrix element for the
𝑏 → 𝑠ℓ+ ℓ− transition can be writing in the following form

(2)
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𝑒𝑓𝑓
𝑒𝑓𝑓
𝑒𝑓𝑓
Where effective Wilson coefficients 𝐶̃7 , 𝐶̃9 and 𝐶̃10 at 𝜇 scale with details are
given in [9].
𝑒𝑓𝑓
𝑒𝑓𝑓
The fourth generation changes the values of the Wilson coefficients 𝐶̃7 , 𝐶̃9 and
𝑒𝑓𝑓
𝐶̃10 , via virtual exchange of the fourth generation up type quark 𝑡 ′ . The above
mentioned Wilson coefficients will explicitly change as

(3)

∗
In the above equation, 𝜆𝑓 = 𝑉𝑓𝑏
𝑉𝑓𝑠 and 𝜆𝑡 ′ can be parameterized as:

(4)
The unitary of the 4 × 4 CKM matrix lead to
(5)
Consequently, as required by GIM mechanism, the factor 𝜆𝑡 𝐶𝑖𝑛𝑒𝑤 should be modified to
𝜆𝑡 𝐶𝑖 when 𝑚𝑡 ′ → 𝑚 or 𝜆𝑡 ′ → 0 (see [12, 13]). We can easily check the validity of this
condition by using Eq.(5):

(6)
Now, in order to obtaining differential decay rate width for this decay, we must calculate
the matrix element at hadron level as
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(7)
Where

Above coefficients parametrized in term of form factor as
(8)
are fitted to the following function [14,15]:

(9)
where the parameters 𝐹(0), 𝑎𝐹 and 𝑏𝐹 are shown in the table1.
Table 1: The form factors for 𝐵 → 𝜙ℓ+ ℓ− in a three–parameter fit [14].
𝐵 →𝜙

𝐹(0)
𝑎𝐹
𝑏𝐹
274 |

𝐵 →𝜙

𝐵 →𝜙

𝑉𝐵𝑠→𝜙

0.296

0.255

0.433

0.174

0.174

0.125

1.77

0.87

1.55

1.75

1.82

0.70

1.52

0.856

−0.061

0.513

0.736

0.825

−0.315

0.377

𝐴0𝑠

𝐴1 𝑠

0.382

𝐴2𝑠
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𝐵 →𝜙

𝑇1 𝑠

𝐵 →𝜙

𝑇2 𝑠

𝐵 →𝜙

𝑇3 𝑠
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From the above expression for matrix element, we can get the following result for the
differential decay rate width
(10)
With

Where

,

,

and
is the final lepton velocity. For more detail about
calculating above relations for 𝐵 → 𝜙𝑙 + 𝑙 − decay see [9-11].
3 Forward-Backward Asymmetry of 𝑩 → 𝝓𝒍+ 𝒍− Decay
The definition of the unpolarized and normalized differential forward–backward
asymmetry is [16-18]

(11)
where 𝑧 = 𝑐𝑜𝑠𝜃 is the angle between 𝐵 meson and ℓ− in the center of mass frame of
𝑖𝑗

leptons. For the spins of both leptons, the 𝐴𝐹𝐵 will be a function of the spins of the final
leptons as
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(12)
Where 𝑖, 𝑗 = 𝐿, 𝑁 𝑎𝑛𝑑 𝑇 refer to the longitudinal, normal and transversal polarization.
Using these definition for the double lepton forward-backward asymmetries after
calculating we get the following results:
(13)

(14)

(15)

(16)

(17)
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(18)

(19)
(20)
4 Numerical Analysis
In this section, we examine the dependence the polarized forward-backward asymmetry
to the fourth quark parameters (𝑚𝑡 ′ , 𝑟𝑠𝑏 𝑒 𝑖𝜙𝑠𝑏 ). The main input parameters we use in our
numerical calculation as follow as:

For quantitative analysis of the forward-backward asymmetry of → 𝜙ℓ+ ℓ− , the values
of fourth-generation parameters (𝑚𝑡 ′ , 𝑟𝑠𝑏 , 𝜙𝑠𝑏 ) are needed. Using the experimental
values of 𝐵 → 𝑋𝑠 𝛾 and 𝐵 → 𝑋𝑠 ℓ+ ℓ− decays [19,20], we insert bounds on 𝑟𝑠𝑏 ~{0.010.03} for 𝜙𝑠𝑏 ~{00 − 3600 } and 𝑚𝑡 ′ ~{200 − 600} GeV. Accordingly, we took this new
parameters taking into account all the above constraints as:
𝑟𝑠𝑏 =0.02, 𝜙𝑠𝑏 = 900 , 𝑚𝑡 ′ = 200 ≤ 𝑚𝑡 ′ ≤ 600
Now before performing numerical analysis, we should solve a problem about
𝑖𝑗

dependencies of the Forward-Backward asymmetry formula (𝐴𝐹𝐵 ) on both 𝑠̂ and new
parameters (𝑚𝑡 ′ , 𝑟𝑠𝑏 , 𝜙𝑠𝑏 ), because it may be experimentally difficult to investigate
these dependencies at the same time. One way to deal with this problem is to integrate
over 𝑞 2 and study the averaged Forward-Backward asymmetry. The total branching
𝑖𝑗

ratio (𝐵𝑟 ) and average 𝐴𝐹𝐵 over 𝑞 2 are defined as:

(21)
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(22)
Figure 1-6 show the dependence of forward-backward asymmetris on 𝑟𝑠𝑏 =0.02,
𝑖𝑗

𝜙𝑠𝑏 = 900 in term of 𝑚𝑡 ′ for 𝜇 and 𝜏 leptons. All figures dedicate that values < 𝐴𝐹𝐵 >
strongly sensitive to fourth generation quark mass for both 𝜏 and 𝜇 channels. Moreover,
the maximum deviation from SM in 𝜏 case is much more than that in 𝜇 case for <
𝐿𝑇
𝑇𝐿
𝑇𝑁
𝑁𝑇
𝐴𝐿𝐿
𝐹𝐵 >, < 𝐴𝐹𝐵 >, < 𝐴𝐹𝐵 >, < 𝐴𝐹𝐵 >, and < 𝐴𝐹𝐵 >. These results can be interesting
since the maximum deviation from SM happens for 𝑚𝑡 ′ ~{300 − 400} GeV. Therefore,
the measurement of forward-backward asymmetry of 𝐵 → 𝜙ℓ+ ℓ− decay in this range
can used as a good tool when looking for the fourth generation quark and new physics.

Figure 1: The dependence of the < 𝐴𝐿𝐿
𝐹𝐵 > on the fourth generation quark mass 𝑚𝑡 ′ for the 𝜇 and 𝜏
leptons.

Figure 2: The dependence of the < 𝐴𝐿𝑁
𝐹𝐵 > on the fourth generation quark mass 𝑚𝑡 ′ for the 𝜇 and 𝜏
leptons.
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Figure 3: The dependence of the < 𝐴𝐿𝑇
𝐹𝐵 > on the fourth generation quark mass 𝑚𝑡 ′ for the 𝜇 and 𝜏
leptons.

Figure 4: The dependence of the < 𝐴𝑁𝑇
𝐹𝐵 > on the fourth generation quark mass 𝑚𝑡 ′ for the 𝜇 and 𝜏
leptons.
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Figure 5: The dependence of the < 𝐴𝑇𝐿
𝐹𝐵 > on the fourth generation quark mass 𝑚𝑡 ′ for the 𝜇 and 𝜏
leptons.

Figure 6: The dependence of the < 𝐴𝑇𝑁
𝐹𝐵 > on the fourth generation quark mass 𝑚𝑡 ′ for the 𝜇 and 𝜏
leptons.

Conclusion
To conclude, we investigate effects of fourth generation quark on the forward-backward
𝑖𝑗

asymmetries for 𝐵 → 𝜙ℓ+ ℓ− decay. All < 𝐴𝐹𝐵 > showed intensive dependency on the
fourth generation parameters. In the other hand, we found that this dependency in 𝜏
lepton is greater than 𝜇 lepton and probability of finding this new generation for
𝑚𝑡 ′ ~{300 − 400} GeV in high energy physics laboratories is more expectant.
Acknowledgment
Support of The university of Garmian is gratefully acknowledged.
References
[1] B. Holdom et al., PMC Phys. A3, 4 (2009), 0904.4698.
[2] M. S. Carena, A. Megevand, M. Quiros, and C. E. Wagner, Nucl.Phys. B716, 319
(2005), hep-ph/0410352.
[3] H. J. He, N. Polonsky and S. F. Su, Phys. Rev. D68 (2001) 052004.
[4] K. M. Belotsky, M. Yu. Khlopov and K. I. Shibaev, Proceedings of 12th Lomonosov
Conference on Elementary Particle Physics (Moscow, 2005), astro-ph/0602261.

280 |

acadj@garmian.edu.krd

Vol.5, No.2 (June, 2018)

جملة جامعة كرميان

Journal of Garmian University

طؤظاري زانكؤي طةرميان

[5] K. Belotsky, D. Fargion, M. Khlopov, R. Konoplich, K. Shibaev, Phys. Rev. D68
(2003) 054027.
[6] K. Belotsky, D. Fargion, M. Khlopov, R. Konoplich, hep-ph/0411093.
[7] M. Yu. Khlopov, Pisma v ZhETF 83 (2006) 3; JETP Lett. 83 (2006) 1.
[8] I. F. Ginzburg, I. P. Ivanov, A. Schiller, Phys. Rev. D60 (1999) 095001, hepph/9802364.
[9] S. M. Zebarjad, F. Falahati, H. Mehranfar, Phys. Rev. D79 (2009) 075006.
[10] H. Mehranfar, The 5th international conference on basic science, Kalar, Iraq, 624636, 2017. DOI: 10.24271/garmian.171
[11] H. Mehranfar, The 5th international conference on basic science, Kalar, Iraq, 637659, 2017. DOI: 10.24271/garmian.172
[12] A. J. Buras and M. M¨unz, Phys. Rev. D52 (1995) 186.
[13] B. Grinstein, M. J. Savage and M. B. Wise, Nucl. Phys. B319 (1989) 271.
[14] P. Ball, V. M. Braun, Phys. Rev. D58 (1998) 094016.
[15] P. Ball, JHEP 9809 (1998) 005.
[16] A. Ali, E. Lunghi, C. Greub and G. Hiller, Phys. Rev. D66 (2002) 034002 [hep–
ph/0112300].
[17] H. M. Asatrian, K. Bieri, C. Greub and A. Hovhannisyan, Phys. Rev. D66 (2002)
094013 [hep–ph/0209006].
[18] A. Ghinculov, T. Hurth, G. Isidori and Y.P. Yao, Nucl. Phys. B648 (2003) 254
[hep–ph/0208088].
[19] F. Zolfagharpour and V. Bashiry, Nucl. Phys. B796, 294, (2008).
[20] A. Arhrib and W. S. Hou, Eur. Phys. J. C27 (2003) 555.

281 |

acadj@garmian.edu.krd

Vol.5, No.2 (June, 2018)

