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ABSTRACT: This study investigates the influence of the fourth generation quarks on the
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|VirsVirg| ~ {0.01 —0.03} with phase just below 90°, which is consistent with the b — s¢T¢~
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It can serve as a good tool to search for new physics effects, precisely, to search for the
fourth generation quarks(t’, v').
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1. Introduction

Although the standard model (SM) of electroweak interaction has very successfully de-
scribed all existing experimental data, it is believed that it is a low energy manifestation
of some fundamental theory. Therefore, intensive search for physics beyond the SM is now
being performed in various areas of particle physics. One possible extension is SM with
more than three generations.

The mass and mixing patterns of the fundamental fermions are the most mysteri-
ous aspects of the particle physics. Even the number of fermion generations is not fixed
by the Standard Model(SM). In this sense, SM may be treated as an effective theory of
fundamental interactions rather than fundamental particles. The Democratic Mass Ma-
trix approach [, which is quite natural in the SM framework, may be considered as the
interesting step in true direction. It is intriguing that Flavors Democracy favors the ex-
istence of the fourth SM family [J-fl]. The main restrictions on the new SM families
come from experimental data on the p and S parameters [[ll. However, the common mass
of the fourth quark (my) lies between 320 GeV and 730 GeV considering the experimen-
tal value of p = 1.0002f8:888£ Pll. The last value is close to upper limit on heavy quark
masses, my < 700GeV =~ 4m;, which follows from partial-wave unitarity at high ener-
gies []. It should be noted that with preferable value a ~ g,, Flavor Democracy predicts
my = 8my, ~ 640 GeV. The above mentioned values for mass of my disfavors the fifth
SM family both because in general we expect that m; < my < mys and the experimental
values of the p and S parameters [[] restrict the quark mass up to 700 GeV.

Moreover, Democratic Mass Matrix approach provides, in principle, the possibility to
get the small masses [fj] for the first neutrino species without see-saw mechanism. The
fourth family quarks, if exist, will be copiously produced at the LHC [f]. Then the fourth
family leads to an essential increase in Higgs boson production cross section via gluon
fusion at hadron colliders [g].

One of the efficient ways to establish the existence of four generation is via their indirect
manifestations in loop diagrams. Rare decays, induced by flavor changing neutral current
(FCNC) b — s(d) transitions is at the forefront of our quest to understand flavor and the
origins of CPV, offering one of the best probes for New Physics (NP) beyond the Standard



Model (SM). Several hints for NP have emerged in the past few years. For example, a large
difference is seen in direct CP asymmetries in B — K7 decays [[L{],

Agr = Acp(B® — KT7n7) = —0.093 £ 0.015,
Ao = Acp(BT — KT7%) = 40.047 4 0.026, (1.1)

or Ak, = Agro — Agr = (14 £3)% [L1]. As this percentage was not predicted when
first measured in 2004, it has stimulated discussion on the potential mechanisms that it
may have been missed in the SM calculations [[[2-[4].

Better known is the mixing-induced CP asymmetry Sy measured in a multitude of
CP ecigenstates f. For penguin-dominated b — sgg modes, within SM, Sy, should be
close to that extracted from b — cés modes. The latter is now measured rather precisely,
Sees = sin2¢1; = 0.674 £ 0.026 [[[5], where ¢; is the weak phase in Viq. However, for the
past few years, data seem to indicate, at 2.6 o significance,

AS = Ssqq — ScEs < 0, (12)

which has stimulated even more discussions.

Flavor-changing neutral current (FCNC) b — s(d)¢T¢~ decays provide important
tests for the gauge structure of the standard model (SM) at one-loop level. Moreover,
b — s(d)fT¢~ decay is also very sensitive to the new physics beyond SM. New physics
effects manifest themselves in rare decays in two different ways, either through new com-
binations to the new Wilson coefficients or through the new operator structure in the
effective Hamiltonian, which is absent in the SM. One of the efficient ways in establishing
new physics beyond the SM is the measurement of the lepton polarization in the inclusive
b — s(d)¢T¢~ transition [[f] and the exclusive B — K( K*, p, v) £7¢~ decays [[7-[F].

In this paper we investigate the possibility of searching for new physics in the heavy
baryon decays A, — A¢T¢~ using the SM with four generations of quarks(d’, t'). The
fourth quark (¢'), like u,c,t quarks, contributes in the b — s(d) transition at loop level.
Note that, fourth generation effects have been widely studied in baryonic and semileptonic
B decays [2€]-[Bd]. But, there are few works related to the exclusive decays Ay — AITI™.

The main problem for the description of exclusive decays is to evaluate the form factors,
i.e., matrix elements of the effective Hamiltonian between initial and final hadron states.
It is well known that in order to describe baryonic Ay, — A¢T/~ decay a number of form
factors are needed (see for example [(]). However, when heavy quark effective theory
(HQET) is applied, only two independent form factors appear [{].

It should be mentioned here that the exclusive decay Ay — A¢T¢~ decay rate, lepton
polarization and heavy(Ap) or light(A) baryon polarization(readily measurable) is stud-
ied in the SM, the two Higgs doublet model and using the general form of the effective
Hamiltonian, in [0, i9] and [E3-[€], respectively.

The sensitivity of the forward-backward asymmetry to the existence of fourth gener-
ation quarks in the A, — A4~ decay is investigated in [Bd] and it is obtained that the
forward-backward asymmetry is very sensitive to the fourth generation parameters (my,
Vi V7, ). In this connection it is natural to ask whether the total branching ratio and the



lepton polarizations are sensitive to the fourth generation parameters, in the ”heavy baryon
— light baryon £t¢~” decays. In the present work we try to answer to this question.

The paper is organized as follows. In section 2, using the effective Hamiltonian, the
general expressions for the longitudinal, transversal and normal polarizations of leptons
are derived. In section 3 we investigate the sensitivity of these polarizations to the fourth
generation parameters (my, VinVirs )-

2. Lepton polarizations

The matrix element of the Ay — A¢T¢~ decay at quark level is described by b — s¢+¢~
transition for which the effective Hamiltonian at O(u) scale can be written as

e 10

F
= —Va Vi Y Ci(p) Oi(p), 2.1
\/5 tb ts; Z(M) Z(M) ( )
where the full set of the operators O; (1) and the corresponding expressions for the Wilson
coefficients C;(11) in the SM are given in [i7-[EJ]. As it has already been noted , the fourth
generation is introduced in the same way as three generations in the SM, and so new

Heff

operators do not appear and clearly the full operator set is exactly the same as in SM. The
fourth generation changes the values of the Wilson coefficients C7(u), Cy(u) and Cio(u),
via virtual exchange of the fourth generation up type quark t’. The above mentioned
Wilson coefficients will modify as

MCi — MOM 4\ CPev (2.2)
where Ay = V5, V. The unitarity of the 4 x 4 CKM matrix leads to
A+ Ae+ M+ Ay =0. (2.3)

Since A\, = V); Vi, is very small in strength compared to the others . Then A\; ~ —A. — Ay
and Ao = V; V.5 =~ 0.04 is real by convention. It follows that

)\tCiSM + A\ GV = )\cCiSM + A (G — CZSM) (2.4)

It is clear that, for the my — my or Ay — 0, Ay (CPV — CZSM) term vanishes, as required
by the GIM mechanism. One can also write C;’s in the following form

O A / new
CF () = CFM ) + 3-CF ()
A new
Co™ () = C5™ ) + 3-C5° ()
O A / new
Cigt(w) = CRp" () + )\—1010 (1) (2.5)

where the last terms in these expressions describe the contributions of the ¢’ quark to the
Wilson coefficients. Ay can be parametrized as:

)‘t/ = V;Tth/s = T8b6i¢3b (2.6)



o Cy Cs Cy Cs Cs C§M CSM C%VI
-0.248 | 1.107 | 0.011 | -0.026 | 0.007 | -0.031 | -0.313 | 4.344 | -4.669

Table 1: The numerical values of the Wilson coefficients at u = m; scale within the SM. The
corresponding numerical value of C? is 0.362.

In deriving eq. (R.5) we factored out the term Vi3 Vis in the effective Hamiltonian given
in eq. (R.1)). The explicit forms of the C7°V can easily be obtained from the corresponding
expression of the Wilson coefficients in SM by substituting m; — my (see [i7, i]). If the 3
quark mass is neglected, the above effective Hamiltonian leads to following matrix element
for the b — s¢T¢~ decay

Ga

He
ff = 2 Von

— Vi Vis Cg 5yu(1 — 75)66’)/“6 + Cm 5yu(1 — 'y5)bl7fyufy5€ (2.7)
_QCtot q2 SJNVq (1 + 75)1)(’}/“( ,

where ¢> = (p1 + p2)? and p; and py are the final leptons four-momenta. The effective
coefficient C§°* can be written in the following form

Ci' = Oy + Y(s), (2.8)

where s’ = ¢?/m? and the function Y (s’) contains the contributions from the one loop
matrix element of the four quark operators. A perturbative calculation leads to the re-

Yper(s/) = g(mc, sl)(301 + Cy +3C3 + Cy + 3C5 + Cp)
1
—§g(1, s/)(403 +4Cy + 3C5 + Cs)

1 2
—59(0, 8,)(03 + 304) + 5(303 + Cy+3C5 + CG) R (2.9)

where 7, = 7. The explicit expressions for g(rhec, s ", 9(0,s"), g(1,s") and the values of

C; in the SM can be found in [, 9.

In addition to the short distance contribution, Y (s’) receives also long distance con-
tributions, which have their origin in the real ¢¢ intermediate states, i.e., J/v, ¢, ---. The
J /v family is introduced by the Breit-Wigner distribution for the resonances through the

replacement [b0]-[5J]

3 my,D(V; — £707)
no_ / 97T ~(0) ) Vi i
Y(s") = Yper(s') + 2 C V.E_w. Ki m%/Z —omZ —imy Ty (2.10)

where (0 = 3C, 4+ Cs + 3C5 + Cy + 3C5 + Cs. The phenomenological parameters k; can
be fixed from B(B — K*V; — K*(*(~) = B(B — K*V;)B(V; — (*{7), where the data
for the right hand side is given in [5J]. For the lowest resonances .J/1 and )’ one can use
k = 1.65 and k = 2.36, respectively (see [p4]).
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Figure 1: The dependence of the branching ratio for the A, — Au*u~ decay on the fourth
generation quark mass my for three different values of rg,.
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Figure 2: The same as in figure 1, but for the 7 lepton.

The amplitude of the exclusive A, — A¢T¢~ decay can be obtained by sandwiching
Hegr for the b — s€T¢~ transition between initial and final baryon states, i.e., (A |Heg| Ap).
It follows from eq. (.7]) that in order to calculate the A, — A¢T¢~ decay amplitude the
following matrix elements are needed

(A 157, (1 F v5)b] Ay)
(A150 (1 F 45)b Ay)
(A5(1F v5)b] Ap)

Explicit forms of these matrix elements in terms of the form factors are presented in [fJ]



-0.2 T T T 's'u' T T T T
g = 0.01 e
\ -0.3F - - T = 0.02 e 3
3 - ryp = 0.03 o E
Thossk P E
<3. 04F e 3

045 F - T
= E . o E
< T E
— _ o —
N g 3
3 T _E
& i ;
PRI T T ST TN [ TN TN SN T NN T T W [T W T E

375 425 475 525 575

my(Gev)

Figure 3: The dependence of the longitudinal lepton polarization asymmetry for the Ay — Aptpu~
decay on the fourth generation quark mass my for three different values of rgp.
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Figure 4: The same as in figure 3, but for the 7 lepton.

(see also [[i(]). The matrix element of the Ay, — A¢T¢™ can be written as

Ga -
M = VoVl By iy [ Ay (1495)+ Bry(1-35) (2.11)
427

+iauuq”[Az(1+’Y5)+Bz(1—75)]+qu[A3(1+75)+33(1—75)]} un,

+lyPysl iy [Elfyu(l—75)+2'JWqVE2(1—fy5)+E3q“(1—'y5)]}uAb} ,

where P = pp, + pa. Explicit expressions of the functions A;, B;, and E; (i = 1,2,3) are
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Figure 5: The dependence of the transversal lepton polarization asymmetry for the Ay, — Aptpu~
decay on the fourth generation quark mass my for three different values of rgp.
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Figure 6: The same as in figure 5, but for the 7 lepton.

given as follows [i3]:

4
Ay = ——20 |y Cfet
ma,
4m
Ap = —?b (F1 +VrFy) C7*
4
Ay = — Ty ot
qema,
By = 2(F1 4+ VrFy) C5**
2F:
By = 2 Cgot
ma,
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Figure 7: The dependence of the normal lepton polarization asymmetry for the A, — A7T7~

decay on the fourth generation quark mass my for three different values of rgp.
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Figure 8: The dependence of the combined normal lepton polarization asymmetry for the A, —

A7F7~ decay on the fourth generation quark mass my for three different values of rgp.

Bs =

By =

Fy O3

2(Fy + VrFy) Cf

2F,
=z ot 2.12
ma, C10 (2.12)

From the expressions of the above-mentioned matrix elements eq. (R.11]) we observe
that Ay, — AL/~ decay is described in terms of many form factors. When HQET is applied
to the number of independent form factors, as it has already been noted, reduces to two

(Fy and Fy) irrelevant with the Dirac structure of the corresponding operators and it is
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Figure 9: The dependence of the combined transversal lepton polarization asymmetry for the

Ay — ATT7~ decay on the fourth generation quark mass my for three different values of 7.

obtained in [[I] that

(A(pa) [STH| Alpa, ) = @ | Fi(q%)+ #Fo(q?) | D,

(2.13)

where I' is an arbitrary Dirac structure, v* = p’f\b /my, is the four-velocity of Ay, and

g = pa, — Pa is the momentum transfer. Comparing the general form of the form factors

with (R.14), one can easily obtain the following relations among them (see also [E0])

where r = m%/ mib.

n=rHh=f =g =F+VrE,

F
G =fo=g3=f3=g) =f] = —
ma,
gg:fjszoa
F
T T )
g = =—q,
1 1 ma,
F
T 2
= ——(mp, +m
g3 mAb( Ay A),
Fy
fi = ——=(ma, —ma),
3 mAb( b )

(2.14)

Having obtained the matrix element for the Ay, — A¢T¢~ decay, we next aim to cal-

culate lepton polarizations with the help of this matrix element. We write the £T spin

four-vector in terms of a unit vector £+ along the /T momentum in its rest frame as

—+

My ’ Ey+my

o (ﬁ*-é* £ ﬁﬂﬁ-ﬁ))

(2.15)



and choose the unit vectors along the longitudinal, normal and transversal components of

the £~ polarization to be

Tt Dr X DT
P ex_DATD ¥ _gF . (2.16)

e e = o =éey x
L= N T axp| TN

respectively, where pT and Py are the three momenta of £T and A, in the center of mass
frame of the £T¢~ system. Obviously, 7 = —p ~ in this reference frame.
The differential decay rate of the Ay — A¢T¢~ decay for any spin direction E T can be

written as

dr(€F) 1 (dF

~2\ds

€n._1 )0 [1 n (pga; L PEEE 4 p;a;) -gﬂF] , (2.17)

where (dI'/ds), corresponds to the unpolarized differential decay rate, s = q> /m?\b and
P, P§ and Pjf represent the longitudinal, normal and transversal polarizations of ¥,
respectively. The unpolarized decay width in eq. (R.17) can be written as

drb G2042 %12 y1/2 1
(E)O = S1oz.5 VeVl A2 (L s [70(8) + 57’2(8)] : (2.18)

where A(1,7,s) = 1472+ s> — 2r — 2s — 2rs is the triangle function and v = /1 — 4m?2/¢?
is the lepton velocity. The explicit expressions for 7y and 75 are given by:

To = 4mib{8m§mib§(1 + 1 — 8)|B3* + 16mima, v/7(1 — 7 + 3)Re[E} F3] +
8(2m7 + mibé){(l — 7+ §)mp,V/TRe[A] Ay + Bi Ba] —
ma, (1 — 7 — §)Re[A} By + A3B1] — 2v/7(Re[A} By] + m}, $Re[A5Ba])} +

2(4mi(1+7—8) +md, [(1 =2 =52 ) (|4 + B ) +

2m3, (4m3 A+ (147 = 9)3] +m3, 3]0 =) = 2| ) (1412 + [ Bof) -
2<4m§(1 +r—8) —m3, [(1 —r)? - §2D1E1]2 +

2m3, §0? (4(1 — 1 + 8)v/rRe[E} Ey] — ma, [(1 — )2 - 32} |E2|2) } (2.19)

To = =8m}, A (|12 + [B1? + |12 = m3, 31 Ao + | Baf? + | Eaf?) ). (2.20)

The polarizations P, Py and Pr are defined as:

dl’ - dl’ -

(e F Ty (e F - _2F
P(:F) 2 - ds (5 el ) dS(§ eZ )
@) =g ar - ’

— (T =)+ (T =-¢7)

ds v ds ¢

where i = L, N,T. Pp and Pr are P-odd, T-even, while Py is P-even, T-odd and C'P-odd.
The explicit forms of the expressions for the longitudinal P, transversal Pr and normal

,10,



Py lepton polarizations are as follows:

PF = { — 32my m}, (1 — V)3 — (1 + V72 Re[E Fi] + 128m} suv/FRe[ATE)] (221
F64m3, /(1 — r + §)§vRe[B} Ey + B3 E1] +128mf, §°vv/rRe[A5 Ey]
—16m, $v[8 — (1 + /)’ |Re[F} Fa + 2my E3FY]
+64m}, v(1 — r — §)Re[A]E; + A5 Fy]

64 . . . .
:F?mjl\bv[l + 72 +7(8 — 2) + 5(1 — 25)|Re[ B} F]

64 4 . - * L
Fomy,v82+r(2r —4-8) - 5(1+ s)]Re[BzEQ]}/(']'O(s) n 57'2(3)>,
Pf = { — 16mmy, m?\bV§A(’A1\2 — |B1?) + 32mmy mf‘\b\/§)\ Re[A] By — A5B1]

F16mme my, VSA Re[A Es — ASE1] F 4rmjy, VSA(1 + v/7) Re[(Ay + By)* Fy]
~ )\ *
+167my m?\b\/ SA(1 —7)(|A2|* = | Bo|?) F 16mmy m‘;’\b \/;(1 —r)Re[B] E1 ]
+16mmy mj, VrsX Re[2A} Ay — 2B{ By F B{E3 F B3 Ey]
i47rmib§\/§)\{Re[(A2 + Bo)*Fy] + 4my Re[B;E3]} (2.22)

1
+drm}, $VAS vPRe[ B3 Fi] — 4rmd, VAS o2(1 + \/F)Re[EfFl]} / <7[)(§) + gz(g)),
Py = { F 16mmy m‘?\bv\/ﬁ Im[B] E1] + 16mmy mf‘\bv\/ﬁ Im[ASE, — ATE»]

—A4m my, vVENL + V) Im[£(A; + By)*Fy + E} F)]

+4my Im[E5 B3] + 16mmy, mj, vV $A(1 — r) Im([Bj Ey]

+4m m},v8VEN Im[+(Ag + By)*Fy + E3 1)

—167my m}, oVré\ Tm([E3(+ By + Ey) + Ef(+ By + E3)]} X

<1/ (T5(8) + 3506)). (2.23)

where the —(+) sign in these formulas corresponds to the particle (antiparticle), respectively.

It follows from eq. (R:21)) that the difference between P; and P;, in massless lepton
case, is the same as SM with three generations because it depends on form factors £} and
F; . Again in the same way, in massless lepton case, the difference between Py and P]J\?
depends on fourth generation CP violation phase(¢g,) and rg. We get the result of SM
with three generations if ¢, is zero.

Combined analysis of the lepton and antilepton polarizations can give additional infor-
mation about the existence of new physics, since in the SM, P, + PZ =0, Py + PX,‘ =0
and Py — P/ ~ 0 (in my — 0 limit). Therefore, if nonzero values for the above mentioned
combined asymmetries are measured in the experiments, it can be considered as an unam-
biguous indication of the existence of new physics. But looking at eq. (R.21), we see that
P+ Pzr is the same as SM result in my — 0 limit. Therefore, in order to look for fourth
generation effects we can look at Py + P]J\? and P — ;f in my — 0 limit. The nonzero
values of above mentioned quantities will indicate the existence of fourth generation effects.

— 11 —



F(O) arp bF
I 0.462 -0.0182 -0.000176
Fy | -0.077  -0.0685 0.00146

Table 2: Transition form factors for Ay — A¢T¢~ decay in the QCD sum rules method.

Teb 0.005 | 0.01 [ 0.02 | 0.03
my(GeV) | 511 | 373 | 289 | 253

Table 3: The experimental limit on my for ¢g = 7/2.

3. Numerical analysis

In this section we will study the dependence of the total branching ratio and lepton po-
larizations as well as combined lepton polarization to the fourth quark mass(my ) and the
product of quark mixing matrix elements (V7 Vs = repe’®st). The main input parameters
in the calculations are the form factors. Since the literature lacks exact calculations for
the form factors of the A, — A transition, we will use the results from QCD sum rules
approach in combination with HQET [, B5], which reduces the number of quite many
form factors into two. The § dependence of these form factors can be represented in the
following way

F(QQ)ZLO)Q,
1—aps+bps

where parameters F;(0), a and b are listed in table 2.

We use the next-to-leading order logarithmic approximation for the resulting values of
the Wilson coefficients C§, C; and Cjg in the SM [Bd, b7] at the re-normalization point
= my. It should be noted that, in addition to short distance contribution, Cgff receives
also long distance contributions from the real éc resonant states of the J/v family. In the
present work we do not take the long distance effects into account. The input parameters
we used in this analysis are as follows:
mp, = 5.624GeV, mp = 1.116GeV, my = 4.8GeV, m, = 1.35GeV, m, = 1.778GeV,

m,, = 0.105GeV, A, = 0.045, a1 =129, Gp = 1.166 x 1075GeV 2

In order to perform quantitative analysis of the total branching ratio and the lepton po-
larizations the values of the new parameters(my, s, ¢s) are needed. Using the experi-
mental values of B — X,y and B — X ¢*¢~, the bound on rg ~ {0.01 — 0.03} has been
obtained [BI] for ¢y ~ {0 — 2} and my ~ {300,400} (GeV). We are doing complete
analysis about the range of the new parameters considering the recent experimental value
of the B.(B — X (T¢~ = (1.59 + 0.5) x 107%) [[0]. Right now, we have obtained that in
the case of the 1o level deviation from the measured branching ratio the maximum values
of my are below than the theoretical upper limits The results shown in table 3 [5g].

In the foregoing numerical analysis we vary my in the range 175 < my < 600GeV.
The lower range is because of the fact that the fourth generation up quark should be

- 12 —



heavier than the third ones(m; < my) [fl]. The upper range comes from the experimental
bounds on the p and S parameters of SM, which we mentioned above(see Introduction).
We took rg, ~ {0.01 — 0.03} with phase around 90° (s, ~ 90°), which are consistent with
the b — s¢T¢~ rate and the B, mixing parameter Amp, [R6, p9].

Before performing numerical analysis, few words about lepton polarizations are in
order. From explicit expressions of the lepton polarizations one can easily see that they
depend on both § and the new parameters(my, rg,). We should eliminate the dependence
of the lepton polarization on one of the variables. We eliminate the variable § by performing
integration over § in the allowed kinematical region. The total branching ratio and the
averaged lepton polarizations are defined as

(1-y7)?
B, = / dB .
4

m? /m?\b ds

(1=v7)? pdB -
4m2 Jm?2 Piggds
(P;) = ZSI’) . (3.1)

The dependence of the total branching ratio and lepton polarizations <PL_ >, <Pj? >,
<P]§>, <PT_ — P;> and <P]§ +P]§[F> on the new parameters(my, rg,) are shown in Figs
(1)=(9). From these figures we obtain the following results.

e 3, strongly depends on the fourth quark mass(my ) and the product of quark mixing
matrix elements(rg,) for both p and 7 channels. Furthermore, for both channels, B,
is an increasing function of both my and rgy,.

e Although, <PE > and <P77 > strongly depends on the fourth quark mass(my ) and the
product of quark mixing matrix elements(rg,) for both p and 7 channels. But, its
magnitude is a decreasing function of both my and rg. So, the existence of fourth
generation of quarks will suppress the magnitude of <PL_ > and <Pj? >

e The normal polarization following from eq. (R.23) is proportional to the imaginary
parts of the combination of the products of the Wilson coefficients, my and rg,. There
are two different contributions to the non-zero value of <P]§> First, is due to the
imaginary part of the CS¥, while the second, is due to ¢g, which we assume to be
~ 90° in this work, and which therefore makes a purely imaginary contribution to
eq. (R.H). Moreover, since <P]§> is proportional to the lepton mass, for the u channel
it is negligible in the SM3 and the SM4(<P]§>maX ~ 1%). For the 7 case, where
<P]§> ~ 1% in the SM, it shows stronger dependence on (my, rg). It is interesting
to note that (Py) ~ 5% at 300 < my < 400(GeV). Therefore, measurement of the
<PJ§> for 7 channel can serve as good clue for existence of fourth generation of quarks.

Our numerical analysis for the combined lepton and antilepton polarizations leads to
the following results.

e In the my — 0 limit, <PE + Pzr> practically coincides with SM result.
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For 7 case, <PE + Pzr > exhibits strong dependence only on m., rather than the new
parameters(my, rsb) and practically there is no difference between the result of SM
with three generations.

Situation for the combined <PT_ — P;f > polarization is as follows.
For the p channel, <P7? — P; > is approximately zero in the SM3 and the SM4.

In the 7 case, <PT_ — P;f > is observed to be strongly dependent on new parameters
(my,7sp). <PQT — P;> is decreasing for increasing values of both (my,rg). The
magnitude of <PT_ — P;> for the 7 channel lies in the region (0.25 <+ 0.85) depending
on the variations of the (my,rgp).

Numerical calculations show that the combined <P]§ +P]J\? > polarization, exhibits
strong dependence on the (my, rg).

<P]§ + P]¢'> is approximately zero for u channels in the SM, but considering the SM
with four generations, it receives the maximum value of around 1% at 300 < my <
400(GeV). It may be hard for it to be measured in future experiments i.e., at LHC,
unless a large amount of Ay (i.e., ~ 10'2) are created. But, measurement of non zero
value(~ 1%) of <P]§ + Pj," > for p case will be the direct indication of new physics
effects.

The situation for 7 case is more interesting. The considerable (~ 6 times) enhance-
ment can be seen at 300 < my < 400(GeV) in the magnitude of (Py + Py) . The
measurement of <P]§ + P]J\?> for T case can serve as a good tool when looking for the
fourth generation of quarks.

From these analyzes we can conclude that the measurement of the magnitude of not
only the total branching ratio but also <PZ_> and <PZ_ + (—)PZ+> (— sign is for the transver-

sal polarization case) is an indication of the existence of new physics beyond the SM.

In conclusion, we present the analysis of the total branching ratio and the lepton po-
larizations in the exclusive Ay, — A¢™¢T decay, by using the SM with four generations of
quarks. The sensitivity of the total branching ratio, longitudinal, transversal and normal
polarizations of £~, as well as lepton-antilepton combined asymmetries on the new param-
eters that come out of fourth generations, are studied. We find out that both the total
branching ratio and the lepton polarizations show a strong dependence on the fourth quark
(my) and the product of quark mixing matrix elements (Vt’,kat/S = rsbeid’sb). The results

can serve as a good tool to look for physics beyond the SM.
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