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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 — ¢£*#~ 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 |V,,V;i |~{0.02} with
phase {90°}, we conclude that the forward-backward asymmetries of B — ¢1* [~decay
Is very sensitive to existing of new parameters of fourth generation quarks for both
(u, T) 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.
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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 4™ 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 — ¢£*¢~ using the Standard Model with fourth generation t’ and b’ quarks. The
fourth quark (t"), like u, ¢, 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 —» ¢£* £~ decay is investigated in [9-11] and it is obtained that
these asymmetries are very sensitive to the fourth generation parameters (m,, rgp,, ¢sp)-

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 — ¢£* £~ decay with four generation of quarks.

This paper is organized as follows. In Section 1l, we drive the differential decay rate
using effective Hamiltonian in the presence of fourth generation quarks (t’, b"). Section
11 devoted to calculation of the analytic expressions for the forward-backward
asymmetries. Finally, the numerical analysis of forward-backward asymmetries for
B — ¢£* £~ decay with our consequences have been presented in section V.

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 — ¢£* £~ decay will be
determine via effective Hamiltonian at level quark for b —» s£*#~ transition as

4G
Hepy = \/iFthV;t ZC Oi(p) (1)

Where O; and C; are the full set operators and the corresponding Wilson coefficients
respectively which are given in [12]. Considering above items, matrix element for the
b — s£*¢£~ transition can be writing in the following form

Mb—sltim) = <qf+f|’Heﬁ\b>

= vﬂ, Z CM () < slT07|0;|b >tree
GF(Y

- ﬂ\/_vfbvt C’gﬁgfy“(l —Y5)b £yt

+ éle(];fgfy.u(l - 75)5 E%L'YSE

_ 20$H 2 50,,q" (1 4+ v5)b by, 0|,

(2)
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Where effective Wilson coefficients €:/7, ¢5"7and €77 at u scale with details are
given in [9].

The fourth generation changes the values of the Wilson coefficients C‘ff r C‘gef Tand

Cfgf , via virtual exchange of the fourth generation up type quark t’. The above

mentioned Wilson coefficients will explicitly change as

Apr /
O () = O () + O S ), i=7,
t
. . Ay = 3
GEH nc:W(u) _ C;H(,UJ) + A_tCz(H SM4(,LL), i= 97 10. ( )
t

In the above equation, 4s = V¢, Vs and A,-can be parameterized as:

My = Vi Vi, = rpe’®o, (4)
The unitary of the 4 x 4 CKM matrix lead to

Au+Ac+ A+ A =0, (5)

Consequently, as required by GIM mechanism, the factor 1,C;**" should be modified to
A¢+C; when m,r - m or 1,» = 0 (see [12, 13]). We can easily check the validity of this
condition by using Eq.(5):
MO = NGy + A CPME = (A, + X)) Ci 4+ A (CPME — )
= —(Au+A)C
= MG (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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M(By — ¢H7) = —=—Vu Vit
( ¢ ) 4\/§7T th Vs
x {57”(1 —5)¢ [ — 2Bo€unos™ pyq” — iBig),
By q) (P, + o)+ 1Bs(e )]
+ Oy (1 + 5 )4 { - 2016“,,)\05*”190);(1” — D¢,
+iD2(e"q)(pB, + Pg)p + iDs(E*q)qu} } :
(7)
Where
coff A 14 7
B = CBH — C’eff - 44 ) Ceﬁ_
0 (Cy 10)m35+m¢+ (mp, +ms)C7 2’
~ ~ T
By = (C&f — s (mp, + me) A +4(mp, — mS)Cﬁﬂn(m%s - mfb)q—g ;
C’CH _ é’Cff ) 1 2
Bz = u142 + 4(m39 — ms)Cff‘H—2 TQ + %Tg ,
mp, + Mg q mp, —my,
- . As — A T
By = 2(C§" = Ciiyms——5— = 4{mp, —m,)C" .
¢y = Bo(Ci§ — —Cip) ,
D; = Bi(CsT o sy, (i=1, 2, 3).

Above coefficients parametrized in term of form factor as
F(qz) € {V(QQ), AO(q2)7 Al(qQ)a A2(q2)7 AS(q2)7 Tl (q2): TQ(QQ)a TJ(QQ)} ’ (8)

are fitted to the following function [14,15]:

F(g’) = v

L—apgle+be(5) (©)

E

where the parameters F(0), ar and brare shown in the tablel.

Table 1: The form factors for B —» ¢£* £~ in a three—parameter fit [14].

Ags_’qb Afs_’qb A§S_>¢ VBS_’¢ TlBs_’(P TZBS_)¢ T3Bs_’¢
F(0) 0.382 0.296 0.255 0.433 0.174 0.174 0.125
ap 1.77 0.87 1.55 1.75 1.82 0.70 1.52
b 0856  —0.061  0.513 0.736 0.825  —0.315  0.377
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From the above expression for matrix element, we can get the following result for the
differential decay rate width

aTd) + = GzaszS «127v1/2 P ~
a5 (Bs = @Tl7) = 9145 Vs Viel ™ A / (1,7, 8)vA(8) , (10)
With
2 o . .
A = g%ém%sRe[—IZmQBSmlz)\s{(Bg — Dy — D3)B} — (B3 + By — D3)D}}

+12m7 m°AS(1 — #4) (B2 — D2)(B; — D3)
+48170,* 7y (381 D} + 2mi; ABoCY)

—16m; #s8A(riy* — §){|Bo|* + |C1|*}

—6my 1M °A8{2(2 + 27y, — 8) Bo D} — 8|(Bs — Ds3)|*}

—4m% My (2 — 27 + 8) + §(1 — 74 — 8)}(B1Bj3 + D1D3)
+5{6743(3 + v?) + A3 — o) H{|B1|* + | D1|?}

—2mp Mrm*[A = 3(1 = 74)°] = ASH{| Ba* + | D2[*}],

Where iy =m?/m%, §=¢*/m%, Ma,b,c)=a®+b* + ¢ — 2ab — 2ac — 2,

e =me/mp, and v = /1 — 4m?/5 is the final lepton velocity. For more detail about
calculating above relations for B — ¢l* [~ decay see [9-11].

3 Forward-Backward Asymmetry of B — ¢l* I~ Decay

The definition of the unpolarized and normalized differential forward—backward
asymmetry is [16-18]
b dPr O @?T
/D didz / | dsdz

/1 d2T N /U d2T
o dédz | | d3d=z (11)

where z = cosf is the angle between B meson and ¢~ in the center of mass frame of

App =

leptons. For the spins of both leptons, the AiFjBWiII be a function of the spins of the final
leptons as
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i (s dr (3) Pr(3,5- =184 =7)  &T(3,5 = 0,5 = —])
App(3) = ( ) {] dz—/ dz}{[ i — g
| PTG ST =05t =) IT(EE =18t = )
dsidz dsdz ’
= App(5~ =0, =)) =~ App(§~ =4,5" = ) —App(5~ = —i,5" =)
+ App(37 = -0,5" =) . (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:

ANE =0
A = 0 (13)
ALY = A mEVNIm[—2myi 28\ (By + Do)(B; — D})
T‘qg S’
4mBm52)\(1 — 7¢)Ba D}
omuig25(1 + 3y — 8)(B1 By — D1 Dj)
(1 — 7y — 8){—28mEmy(By + D1)(B5 — Dj)
417y B1 DY}
2m%ﬁl12[A+(1 — Py = 8)(1 = 7)[(B] D2 + By D1 )] (14)

+ 4+ + + +

ANT = quAS mEV A Im[—2m 528N (By + Do)(Bi — D)

A A1 — 74) Ba D

2mEiny25(1 + 374 — 8)(B1 B3 — D1 D)

(1 — iy — 8){+28m%m(By + D1)(Bs — D)

4y By D}

2mpmm (A + (1= g — 8)(1 = 74))(Bf D2 + B3 Dy)) (15)

+ 4+ + + +

4
ALh 7 AémZB\/g/\Re[mg{\Bl + D12 + mEA|Bs + Do|?)
¢

— Ampmysig{|Bo + C1*}
— 2mpmu(l — 7y — 8)(By + Dy) (B3 + D3)] (16)

4
AR = mE Vi Re[—my{| By + Di|? + mBA|Be + Do|?}
3ryeAs

+  dmpnysige{|Bo + C1)?}
+  2mpiy(1 — iy — 8)(B1 + D1)(B3 + D;)] (17)
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ARE = o AémQB\/EAum[—ml(Blpf + mEABy D) + AmLnii o VEBC}
@
+ mpriu(l =7y — 8)(B1D3 + B2 D)) (18)
8
AR = mmé@)\um[—ml(&pf + mYABa D) + 4m'hiii o VB C
@
+ mpru(l =7y — 8)(B1D3 + B2 DY) (19)
p
Afp = 3 #45(Bo B — C) D3
7B f@*AmB\/XURe[SmBT(ﬁS( 0B — C1D7)] (20)

4 Numerical Analysis
In this section, we examine the dependence the polarized forward-backward asymmetry
to the fourth quark parameters (m,, s, e ®st). The main input parameters we use in our
numerical calculation as follow as:

mp, = 5.37GeV, my =4.8GeV, m. =15GeV, m,; = 1.77GeV,

m,, = 0.105GeV, my = 1.020GeV , |V, V;5| = 0.0385, o~ ! = 129,

Gy =1.166 x 107> GeV ™2, 75 = 1.46 x 107 s.

For quantitative analysis of the forward-backward asymmetry of — ¢£* £~ , the values
of fourth-generation parameters (m.s,rg,, ¢sp ) are needed. Using the experimental
values of B —» X,y and B — X £*¢£~decays [19,20], we insert bounds on ry,~{0.01-
0.03} for ¢, ~{0° — 360°} and m,/~{200 — 600} GeV. Accordingly, we took this new
parameters taking into account all the above constraints as:

rep =0.02, g = 90°,m, = 200 < m,s < 600

Now before performing numerical analysis, we should solve a problem about

dependencies of the Forward-Backward asymmetry formula (A;',"B) on both § and new
parameters (m,s, g, bgp ), bDecause it may be experimentally difficult to investigate
these dependencies at the same time. One way to deal with this problem is to integrate
over g2 and study the averaged Forward-Backward asymmetry. The total branching

ratio (B,-) and average AiFjBover q?are defined as:

ds |

(- )
BT - / i’;l:), 5
e s 21)

277 | acadj@garmian.edu.krd Vol.5, No.2 (June, 2018)



Okt »S Aol dne Journal of Garmian University e ydS (53K1) 6848
17" 4B
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(A ) = 2 =
£B B, ' (22)

Figure 1-6 show the dependence of forward-backward asymmetris on ry, =0.02,

¢sp = 90° in term of m,+ for u and © leptons. All figures dedicate that values < Af,jB >
strongly sensitive to fourth generation quark mass for both = and u channels. Moreover,
the maximum deviation from SM in 7 case is much more than that in u case for <
Akl > < ALD > < ATE > < ATN > and < ANL >. These results can be interesting
since the maximum deviation from SM happens for m,/~{300 — 400} GeV. Therefore,
the measurement of forward-backward asymmetry of B — ¢#*£~ decay in this range
can used as a good tool when looking for the fourth generation quark and new physics.
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Figure 1: The dependence of the < A%k > on the fourth generation quark mass m, for the p and ©
leptons.
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Figure 2: The dependence of the < ALY > on the fourth generation quark mass m, for the p and t
leptons.
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Figure 3: The dependence of the < AL > on the fourth generation quark mass m, for the p and t
leptons.
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Figure 5: The dependence of the < AT% > on the fourth generation quark mass m, for the p and t
leptons.
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Figure 6: The dependence of the < ALY > on the fourth generation quark mass m, for the u and t
leptons.

Conclusion

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

asymmetries for B — ¢£*£~ decay. All < A?B > showed intensive dependency on the
fourth generation parameters. In the other hand, we found that this dependency in t
lepton is greater than u lepton and probability of finding this new generation for
m,~{300 — 400} GeV in high energy physics laboratories is more expectant.
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