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Abstract

This work investigate the influence of the fourth generation of quarks
on the CP asymmetry in B, — ¢{*(~ Decay. This new quarks changes
the values of the Wilson coefficients C7 (1), Co() and Co(p) via virtual
exchange of the fourth generation up type quark #'. Taking the |V, V,%| ~
{0.01 — 0.03} with phase {60,90,120} , which is consistent with the
b — s¢*(" rate and the B, mixing parameter A,,, , We obtain that for
both (4, 7) channels the CP-asymmetries are quite sensitive to the 4th
generation quarks mass and mixing parameters. Hence, studying CP-
asymmetry for B — ¢(*(~ decay with new Wilson coefficients can serve
as an effective way to identify the new generation quarks (¢, ') in high
energy physics laboratories.
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1 Introduction

Although the Standard Model (SM) is very successful for describing the particle
physics phenomena, but there are many interesting open questions, such as CP vi-
olation that it no explanation for them. Therefore, intensive search for new physics
beyond the SM is very necessary. One possible extension is SM with more than
three generations.

From experimental data, the existence of a fourth generation of fermions has not
been excluded, although it is strongly confined by precision measurements of elec-
troweak observables. The restrictions on the new generation of fermions come from
the experimental data on the p and S Parameters[1]. Therefore, the mass of fourth
generation quark (m}) considering this data and other constraints lies between 175
GeV and 600 GeV [2, 3].

The pervious works that support the existence of fourth-generation quarks ap-
ply this new physics in different fields, for instance Higgs and neutrino physics,
cosmology and dark matter [4]-[9]. The fourth quark (t'), like u, c, t quarks, con-
tributes in the b — s transition at loop level. Clearly, it would change the branching
ratio, CP-asymmetry and polarization asymmetries which have been widely studied
in baryonic and semileptonic b — s transition [10]-[15].

In our previous paper[16], we have studied the influences the fourth generation
quarks on the Double lepton polarization asymmetry in By — ¢{T¢~ decay. In
this paper, we investigate the effects of fourth generation of quarks (&',t") on the
B-meson leptonic rare decay B, — ¢¢"{~ for CP asymmetry which is one of the
most important physical observable in establishing new physics beyond the SM.

This paper is organized as follows. In Section II, we drive the matrix element
and the differential decay width for B, — ("¢~ in the SM using effective Hamil-
tonian. The effect of the fourth generation of quarks on the effective Hamiltonian
have been presented in section III. Section IV devoted to the numerical analysis of
the CP asymmetries with our conclusion in section V.

2 The differential decay width in the Standard Model

For calculating Differential decay rate, it’s necessary to obtain effective Hamilto-
nian. At quark level, the rare decay By — ¢¢"(~ demonstrate by b — s¢*¢~ and
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effective Hamiltonian relevant for this transition cab be written as
Heg(b — stT47) = wb Z Ci(u (1)

where O; () the full set operators and the corresponding Wilson coefficients C;(p)
are given in [17]. Matrix element for the b — s¢*¢~ transition by using above
effective Hamiltonian as

M(b— slt07) = < sl |Heglb >
G * — ree
- \/gwbv;ézceff < sUT07|O;|b >tree
GFOé % =
= — \/—thVn CsT5y,(1 — 5)b Lyl

+Cfy 5%( 75)b Pyt
—QC’ saw,q (14 5)b 5%6 2

where effective Wilson coefficients O, C’Sﬁ and C’fg at 4 scale, can be written in
the following form [17, 18]:

1
GEE = 07——05—06
Ci = CIO = Cio
eff Oz
= —RF et
Cy o =Cy+ - (s)- (3)

where s = ¢%/m? and the function Y (s) dedicates the perturbative part due to the
one loop matrix elements of four quark operators as [17],

3
Y(s) = Yer(s)+ —”(301 3 02 305 4 O+ 30+ G (4)

mV — smb —imy L'y’

/

where the second term is Breit-Wigner form of the resonance propagator and Y., (s)
is long distance contributions which have provenance to the real cc intermediate
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states, i.e., J/1, ¢/, - - - that can be written as [19]-[21]
me

Y;m.(s) = h(%, 8)(301 + Cy +3C3+ Cy+ 3Cs + C()')

— %h(l, S)(4C3 +4Cy + 3C5 + Cﬁ)
2
9
the values of C; and The explicit expressions for h functions can be found in [17]
as well as the phenomenological parameters ~; in Eq.(4) can be determined from
experimental measurements of semileptonic B decays

1
— Qh(O, 3)(Cs + 3Cy) + =(3C5 + Cy + 3Cs + Cs). 5)

B(B— K*'V; - K**"0")=B(B — K*V;) B(V; = (*(7), 6)
where the data for the right hand side is given in [22]. For the lowest resonances,
J /1 and 1 one can use K = 1.65 and xk = 2.36, respectively (see [23]).

Now, By using effective Hamiltonian and relevant Wilson coefficients, we can
calculate the transition matrix elements which is vital for computing the decay
width and other physical observables of By, — ¢¢*¢~ decay. For this purpose,
we need to sandwich effective Hamiltonian between initial hadron state B(pp,)
and final hadron state ¢(p,) that can be parameterized in terms of form factors as

_ 2V (%) s
< 9Py, €) | 37u(L — )b | B(pp,) >= —m@-upol’)gq €
A * AQ(QQ)
-1 E;L(mB,- F mq‘))Al(QQ) — (€'q)(pa, ‘|‘p¢)p.m
4« 20T
G Q)?(b(A‘s((f) .10 )| N )

(9(pg,€) |5i0,,q" (1 + 75)b| B(ps,)) =

A€upe™ D' TL(GP) + 2i [€](mB, — m) — (DB, + Ps)u(e*q)] Ta(d?)

2

+2i(e*q) [qy - (mﬁmhﬁ T3(q%) . ®)

B, — My

where ¢, is the polarization vector of meson ¢ and ¢ = pp —p,, is the momentum
transfer as well as A3(¢?) can be written as a linear combination of the form factors
Ajand Ay :

As(q?) = QL@ [(m5, + mg) Ar(q?) — (mp, — my)As(¢?)] ©)
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where A3(¢®> = 0) = Ay(q? = 0) (this condition ensures that there is no kinemati-
cal singularity in the matrix element at g> = 0). The other form factors

F(q2) = {V(QQ), Ao(q2), A (q2)a AQ(q2)7 A3(q2)7 Tl(q2)’ T2(q2)a T3(q2)} )

are fitted to the the following functions [24, 25]:

F(0
F(¢*) = = ) T (10)
1— (ZFm%‘ +bF(E?3_)

where the parameters F'(0), ar and by are shown in the Tablel.

A(?sﬁq" A?;—W AES—W VB¢ TlBs—NP TzBs—W TBBs—NZ’

F(0) 0.382 0.296 0.255 0.433 0.174 0.174 0.125

ar L.77 0.87 1.55 1.75 1.82 0.70 1.52

bp 0.856  —0.061 0.513 0.736 0.825 —0.315 0.377

Table 1: The form factors for B; — ¢ £ ¢~ in a three—parameter fit [24].

The matrix element of the By, — ¢ ("¢~ decay using above equation can be
written as:

Ga
B, Ity = ——Vp Vo 11

X {@y"’(l — 15)¢ [ - QBOGH,,,,\Ue*”p;\)q” —4By &

+iBs(e"q)(pB, + Do) + z‘Bg(s*Q)qu]

+E’Y“(1 -+ ’YS)E [ - QCIENV)\U{‘:*UpgqU - iD16Z

+iDs("q) (pB, + Do)y + iDs(é*Q)qy] } ,
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where
- - 1% T
B — Ceff . Ceff o 4 ) Ceﬁ_
0 (Cy 10)m35+m¢+ (mp, +ms)C7 2
N - T
B = (G — CEY(mp, +my) A + 4(mp, — ms)CE(m3, — m;)q—j :
éfef‘f _ éeff 1 2
By, = qu e 4(mBs — mS)C$H—2 T, + 5 g 2T3 :
mp, +mg q mp —m,
2 P As — A T:
By = 2(C - Cihymy——— — 4(mp, — m,)CT—
q q

G = Bo(Cif — —Cil)
D; = Bi(Cfy = —Cip), (i=1,2,3).
From the expression of the matrix element given in Eq. (11), we get the following

result for the differential decay width

dr¢ G*a’*mp,

(B = 000 0) = T BB VP A (LA SAG), (12)
with

2 A A * *
A = 3f¢§mQBSRe[—12szsml2)\s{(B3 — Dy — D3)B} — (Bs + By — D3)Dj}

+12m435m12/\§(1 — 74)(By — D3)(B} — D)
+4817*48(3B1 D} + 2mp AByC)

—16m7 748\ (ry* — 8){|Bo|* + |C1|*}

—6mp > A&{2(2 + 27, — §)BoDj — 8|(Bs — D3)|*}

—dm My®(2 — 274 + 8) + (1 — 7y — 8) (B1B; + D1 D3)
+8{6743(3 + v*) + (3 — v))H{|B1|> + | D1|*}

—2m A’ [\ — 3(1 — 74)%] — AsH{| Ba|* + | Do[*}],

where § = ¢*/m% , iy = mj/m%_and A(a, b, ¢) = a®+b* 4 ¢* — 2ab— 2ac — 20,

e = my/mp,, v =4/1 — 4m?2/5 is the final lepton velocity.

3 The Effects of the Fourth-Generation

The new effective hamiltonian with existence of fourth generation quarks as:
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Gl =
Her = ——=VaVis D C2" (1) Oi(p), (13)

Where C () are

Ad i .
Cr™(u) = Ci(u) + thfm(u), i=1...10. (14)
¢
Where Ay = Vi, Vi = roe'® and \y can be parameterized as:

)\t’ = W'l)vjks = T‘Sbeiq‘)Sh. (15)

In the above equation, it is clear that the insertion of fourth generation in the
Hesr not lead to new operators and all Wilson coefficients receive additional terms
as%\'—"C’fl\M(u) either via virtual exchange of the fourth-generation up type quark
t'(Cs, ..., Cp) or via using the unitarity of CKM matrix (C}, C5). The unitary quark
mixing matrix is now 4 X 4 satisfy the relation

/\“ —|— )\c + )‘t —f— )‘t’ == 0 (16)

As a result, for the my — my or Ay — 0 the factor \,C}“" should be modified to
M C; as required by the GIM mechanism as Eq.(29):

MO = NG+ A CM = —(A + A)Ci + M (CPM = @)
= _()‘u i )\c)C'i
= NG (17)
Now by using the above effective Hamiltonian, we can recalculate the one-loop
matrix elements of b — s(T¢~ by replacing C¢T(C¢T) with Cffinew(Cefinew) jp
Eq.(2), where CfT2% and C’fﬁ 1V are given as:

eff new e Av e ] )
CEv(u) = Cif(u)+ SO, 0=,
i : B s
C«fﬂ‘uevv(u) — C,CH(,M) 4 TtC’fﬂ SM4(u)’ ] = 9, 10. (18)
t

eff SM4 “eff SM4
Ci &

Here the effective Wilson coefficients and are defined in the
same way as Egs.(3) by substituting C; with C’f““. It is worth nothing that the
explicit forms of C¢15M4 and C¢T5M4 can also be found from the corresponding
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Wilson coefficients in SM by replacing my — my [17]. Consequently, we can
reobtain the differential decay width for By — ¢¢*(~ decay in the presence of
the fourth-generation and use it in next section for calculating of the CP-violating
asymmetry.

4 Numerical analysis

In this section, we will analyze the dependence of the CP-violating asymmetry to
the mass of fourth quark (mt’) and the product of quark mixing matrix elements
(VinVii, = rge®), which is defined as

( d d)> ( d_¢>
D ~ § §
AdCP(S) = 2 L

: = 19
dre 1 are (19)
s ), \ds /,
where ( ‘%)0 is the unpolarized differential decay rate given by Eq. (12) (%)0

and is the unpolarized differential decay rate for the antiparticle channel.

The main input parameters in the calculations are the form factors, which are the
predictions of light cone QCD sum rule method [24, 25],as pointed out in section
II. The other input parameters we use in our numerical calculations as follow:

mp, = 5.37GeV, m, =4.8GeV, m,=1.5GeV, m, = 1.77GeV,
m, = 0.105GeV, my, = 1.020GeV , [V V;5| = 0.0385, o~ =129,
G;=1.166 x 107°GeV ™2, 75, = 1.46 x 107 *?5. (20)

In order to present a quantitative analysis of the CP asymmetry, the values of
fourth-generation parameters (my, rg, ¢s;) are needed. We include the bound on
rsp ~ {0.01 —0.03} for ¢y ~ {0°—360°} and my ~ {200 — 600} GeV using the
experimental values of B — Xy and B — X (T(~ decays [15, 26]. In the other
hand, considering the B, mixing, which is in terms of the Am_ a sharp restriction
on ¢, has been obtained (¢, ~ 90°)[27]. Accordingly, this new parameters taking
into account all the above constraints can be determine as:

re = {0.01,0.02,0.03}, ¢s = {60°,90°,120°}, my = 175 < my < 600.

Now before performing numerical analysis, we should solve a problem about de-
pendencies of the CP asymmetry formula (Agp) on both 5 and new parameters
(my, sy, Gsp), because it may be experimentally difficult to investigate these de-
pendencies at the same time. One way to deal with this problem is to integrate over
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q° and study the averaged CP asymmetry. The total branching ratio and average of
A%, over ¢ are defined as:

(1—/7)?
&:/ b5, 1)
41?1% dS
(1—4/7%)?
/ Agp‘fi—l?dg
2 S
(A ) = . 22)

B,

Figure 1 shows the dependence of CP asymmetry on various rg, in terms of m;
for pv and 7 leptons. For j channel, the values of (Ag p) sensitive to the fourth
generation quark mass (1) and the product of quark mixing matrix elements (7).
Furthermore, (A‘é p) 1s decreasing function of r, and increasing function of ¢, for
i channel while it is increasing and decreasing function of (m;').

Numerical calculations in figure 1 show that the <Ag p) strongly dependents on
the fourth-generation parameters for 7 channel. But this dependency in 7 case is
greater than g case. Similar to the |mu case the maximum deviation from SM
happens for rg, ~ {0.02 — 0.03} and my ~ {300 — 400}GeV. Therefor The
measurement (A? P),especially, for 7 case can used as a good tool when looking
for the fourth generation of quarks.
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Figure 1: The dependence of the (A"é. p) on the fourth-generation quark mass m, at three different values of

osp = {60°, 90°, 120°} and rg, = {0.01, 0.02, 0.03} for the  and 7 channels.
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5 Conclusion

As the concluding remark we can state that, we study the effects of fourth gener-
ation quarks on semileptonic rare By — ¢¢*{~ decay. The CP asymmetry of the
relevant decay for £ = pu, 7 leptons are analysed. We found out that CP asymmetry
depict a strong dependence on the fourth quark (m;}) and on the product of quark
mixing matrix elements (Vy,V;5, = rge'®?). We found that this dependency in 7
case is greater than p case. In particular, the results can be used for an indirect
search to look for the fourth generation of quarks at experimental particle physics
laboratories.
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