ISSN 1330Ű0016 CODEN FIZBE7

STUDY OF LEPTONIC AND RADIATIVE b QUARK DECAYS IN THE LIGHT OF up-QUARK FLAVOUR CHANGING CONTRIBUTIONS: MULTIDOUBLET MODEL

SURATH KUMAR BISWAS and V. P. GAUTAM

Theoratical Physics Department, Indian Association for the Cultivation of Science, Jadavpur, Calcutta 700 032, India

Received 27 March 1997

UDC 539.126

PACS 12.60.-i

The effective bsZ vertex may be in~uenced by tree uu^′Z vertex formed by a mixing with heavy exotic isosinglet up-type quarks. The electroweak penguin diagrams involving one insertion of the uu^′Z vertex have been considered and we have calculated the contribution arising from those diagrams using the fourth generation Cabbibo-Kobayashi-Maskawa matrix elements; also the applicability of the generalized Glashow-Iliopoulos-Maiani mechanism is considered. The additional effects of the heavy isosinglets are compared with the effects of exotic heavy isodoublets appearing in multi-generational models. We see that in the effective vertex amplitude, the up-~avour-changing contribution interferes constructively and destructively with the one loop-penguin diagrams with and without any insertion of ~avour changing coupling, respectively.

1. Introduction

It is an admitted fact that due to the unitarity of the Cabbibo-Kobayashi-Maskawa (CKM) matrix [1], in the ~avour-changing neutral current (FCNC) processes in the Standard Model (SM) [2], the leading-order mass-independent term is strongly suppressed by the Glashow-Iliopoulos-Maiani (GIM) [3] cancellation mechanism. This is experimentally con^rmed and it paves the way for investigating the new sources of FCNC. So, the study of virtual effects opened hydraheaded windows on electroweak symmetry breaking and physics beyond the SM. The examination of these indirect effects on new physics in higher order processes yields a complementary approach to the search for direct production of new particles at high energy colliders.

To probe FCNC of radiative b decays, we see that apart from uncertainties, the CLEO data [4] are in good agreeement with the leading-logarithmic QCD corrections, and partial calculations of next-to-leading logarithmic order is under way [5]. These new results opened the scope for investigations in various classes of models, namely: anomalous topquark couplings [6], anomalous trilinear gauge couplings [7], fourth generation [8], two- Higgs-doublet model [9], three-Higgs-doublet model [10], supersymmetry [11], extended technicolour [12], leptoquarks [13] and left-right symmetric models [14].

Apart from these models, in the line of investigation conducted recently in LEP, we are contemplating the existence of a new U(1) gauge-boson coupling, predominantly to the third family, and it may have the consequence of enhancing the b-quark decay modes [15]. The sources of FCNC may also be coming from (i) the ratios between the masses of fermions involved in the ~avour-changing (FC) transitions, or (ii) some new mass scale of the order of electroweak breaking scale, or it may be larger where it may arise from mixing between the light fermions and new heavy states with non-standard SU(2)_L assignments [16-19], or from multi-Higgs doublets model without natural ~avour conservation [20- 21], or by horizontal symmetries [22] in fermion mass hierarchy. Due to the fact that the fermion masses are small, the effects are naturally suppressed. But now, the appearence of the top quark, with a heavy mass of 180 GeV, has changed the scenario abruptly when the FC transition involves the t quark. O~ate investigation is going on at the phenomenological level [23-25] and also for model building [20-21].

Here we try to ^nd out to what extent the effective bsZ vertex is modi^ed by inserting a tree level uu^′Z FCNC vertex, assuming a mixing between u,c,t quarks and new isosinglet heavy states of charge 2/3.

2. General formulation

We assume the existence of n new Q = 2/3 isosinglet L-handed quarks U^0_L . They can appear in vector like multiplets U^0_L ,U^0_R and they are mixed with unknown up-type quarks u^0_L,u^0_R. The number n of U^0_L ,U^0_R pairs is not that relevant for our formulation in general, and we keep it unspeci^ed for the present. U^0_R and u^0_R, being both colour triplet Q = 2/3 isosinglet states, have the same gauge quantum numbers, and, therefore, their couplings to the gauge bosons are unaffected by the mixing. This is not the case for the L-chirality states. The vector

U^0_{uL} = ( u^0 U^0 ) L of the doublet (u^0) and the singlet (U^0) gauge eigenstates is related to the corresponding vector of the ŞlightŤ (u) and ŞheavyŤ (U) mass eigenstates

U_{uL} = ( u U ) L

through a unitary matrix Π such that ( u^0 U^0 ) L = Π ( u U ) (1)

Π = [ P Q R S ] (2) Here U = [t_1,t_2,...,t_n]^T and u = [u,c,t]^T . Yet, Π is unitary P and R are not themselves unitary. In the weak basis, the charged fermion neutral current shall contain P^ĘP and R^ĘR which are not necessarily diagonal, and thus the mixing in general induces FCNC’s among the light particles. In order to avoid this problems, the assumptions [18] are made that each ordinary left- and right-handed fermion mixes with its own exotic partner. In this case PĘP and R Ę R are diagonal, and thus eliminate FCNC’s. With this assumption, we can write ( P^Ę_a P_a ) i j = ( c^i_a

)_2 δ_{i j} and ( R^Ę_aR_a ) i j = ( s^i_a

)_2

δ_{i j}, where a = Left, Right. Here ( s^i_a

)_2 ≡ 1 − ( c^i_a

)_2

≡ sin^2 θ^i_a, where θ^i_{Left;(Right)} is mixing angle in the ith Left-handed (Right-handed) ordinary fermion and its exotic partner. The unitarity of Π implies Π^ĘΠ = ΠΠ^Ę = unit matrix, and so

P^ĘP + R^ĘR = PP^Ę + QQ^Ę ≡ I_{3×3} ≡

1 0 0 0 1 0 0 0 1 . (3)

We now introduce a unitary matrix Δ for the L-handed down type quarks, so that

d^0_L = Δd_L

ΔΔ^Ę = Δ^ĘΔ = I_{3×3} (4)

We also introduce a (3 + n) × 3 matrix X, given by

X =

1 0 0 0 1 0 0 0 1 0 0 0 . . 0 0 0 (5)

and with the help of (1) we write the charged current (CC) coupled to the W^± bosons as 1 2 J^W_ţ = U^0_{uL}γ_ţXd^0_L

= U_{uL}γ_ţΠ^ĘXd_L (6)

From the above, we see that we can de^ne a (3 + n) × 3 mixing matrix V given by

V = Π^ĘXΔ ≡ ( P^Ę Δ Q^Ę Δ ) (7) We identify P^ĘΔ as the 3×3 CabbiboŰKobayashiŰMaskawa (CKM) matrix [1] for the light states u and we see that it is not unitary. We see from (3) and (4)

V^ĘV = Δ^Ę ( PP^Ę + QQ^Ę ) Δ = I_{3×3} (8)

Thus V is analogous to the unitary CKM matrix.

Now for θ_W , the ŞWeinberg weak mixing angleŤ, s = sinθ_W ,c = cosθ_W , and we de^ne a (3 + n) × (3 + n) matrix

I_3 = X × X^Ę ≡ ( I_{3×3} 0 0 0 ) , (9)

the projector operator acting on the L-handed 1/2 isospin doublet states. And we can write the neutral current (NC) coupled to the Z boson in terms of the mass eigenstates, as 1 2 J^W_ţ = 1 2 U_{uL} γ_ţΔ^ĘI_3ΔU_{uL} − s^2 U_u γ_ţEU_u (10)

In (10), the second term remains ~avour diagonal since the matrix of electric charge E is proportional to the ŞIdentityŤ, i.e., E = (2/3)× Identity. But when we consider the current matrix, the isospin part^1_2 I_3 is not proportional to the Identity, and, therefore, the corresponding isospin couplings are ~avour changing.

Let us now de^ne the NC-mixing matrix

N = Π^ĘI_3Π = ( P^ĘP P^ĘQ Q^ĘP Q^ĘQ ) . (11)

We see that N is not unitary.

But from (4), (7) and (11), we get

N = VV^Ę, N N^Ę = N^2 = N , and (12) N V = V.

We see that N is idempotent, since from (11) we can interpret N as the projection operator on the L-doublets written on the basis of mass eigenstates. On actual calculation, we obtain that N_{uu} = 0.9999, and N_{cc} = 0.9974, i.e., all are approximately equal 1. Now, we may note further that N_{uu} ≈ N_{cc} ≈ 1 because of the experimental bounds on the left handed up and charm quarks which are ~avour diagonal. We note again that, as n ∑_{a=1}^Naa^{= Tr(V ĘV ) = 3, (13)}

we get ∑^n_{a=3} N_{aa} ≈ 1. Further, we may note that N is not symmetric, i.e., N_{uu}0 /=N_u0_u.

Now, V^ĘV = I_{3×3} and N V = V imply V^ĘN V = V^ĘV = I_{3×3}, and so all the mass independent terms in the new penguin diagrams which carry structure V^ĘN V are cancelled off in spite of the presence of the FC couplings. Actually, from (8) and (12), we can write

∑_{jk}^{V ∗}js^{(N} jk^{− δ} jk^{)V}kb^{= 0 (14)}

Following [26], we get the usual SM L-handed and R-handed chiral couplings of up type quarks as

g^u_L = 1 2 − 2 3 s^2, and

g^u_R = − 2 3 s^2 (15)

From (9), it is evident that L-handed up quark couplings changed for mixing with the new isosinglets, and introduce an FC term. For the sake of generality, we write U_{ui} U_{u j} Z coupling as

g^{i j}_L = 1 2 N_{i j} − 2 3 s^2

= g^u_Lδ_{i j} + 1 2 (N_{i j} − δ_{i j}), where (16) i, j = u,c,t,t_1,t_2,...,t_n

The term g^u_L represents the extension of SM to 3 + n L-handed doublets with no tree level FCNC, and the term^1_2 (N_{i j} − δ_{i j}) shows that the new n states are isosinglets.

The ^rst term gives us the scope to compare results for the isosinglets case with those of a multigenerational model. Further, from (16), we see that the calculation of effective bsZ vertex in the presence of the tree level FC couplings can be done by calculating SM contribution [27] extended to 3 + n generations, and by computing two additional diagrams given in Fig. 1 which arise from the second term in (16).

 ? 6
œ œ œ œ

∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ s b

W^−,ϕ^−

V^∗_{ks} U_{u j} P_L U_{uk} V_{jb}

N_{k j} − δ_{k j}

Z_ţ

Fig. 1. Electroweak penguin diagrams with W boson and scalar ϕ which include �avour changing vertex N_{k j; j ==k}. The relevant mixing matrices appearing at the vertices are shown explicitly, and P_L =^1_2 (1 − γ_5) is the L-handed chiral projector.

3. Calculation of amplitude with and without FC

The amplitude for the sum of the one loop penguin diagrams which do not contain any insertion of the FC couplings in the ’t HooftŰFeynman gauge can be written with the help of [27] with x_u = m^2_u/m^2_W and ξ_i = V^∗_{is}V_{ib} as

A^{withoutFC}

e f f =

g^3 (4π)^2c ( ∑_{u=u;c;t}^ξu^F1^{(x}u^) ) (s_L γ_ţb_L), (17)

where F_1(x) an Inami and Lim function given by

F_1(x) = x^2 − x − 5 4(x − 1) + 3x^2 + 2x 4(x − 1)^2 lnx (18)

Due to the relation (8), we have ∑_i ξ_i = 0, and thus the mass independent terms are cancelled out and divergences are eliminated like in the GIM mechanism.

We see that (17) is not gauge invariant by itself. To make it gauge invariant, we have to add box diagrams for the processes b → sll, with l = ν,l^±.

Introducing the Inami and Lim function

F_2(x) = 2 5 [ 1 x − 1 − xlnx (x − 1)^2 ] (19) we have the physical gauge invariant quantity for ther decay amplitude

A^{withoutFC}

e f f =

g^3 (4π)^2c ( ∑_{u=u;c;t}^ξu^{(F}1^{(x}u^{) + F}2^{(x}u^{))} ) × (s_L γ_ţb_L) (20)

Now we turn our attention to the second term in (16), namely,^1_2 (N_{i j} − δ_{i j}). We have considered new states to be isosinglet, so there shall be no extra contributions from the FC couplings. The diagram corresponding to this term, as stated earlier, is given in Fig. 1. The loops at W boson or the scalar ϕ are logarithmically divergent. But the chiral projection operator P_L =^1_2 (1 − γ_5) reduces the degree of divergence by a factor of 2, and thus the divergence is eliminated.

From (14), we see that when we sum over all the u and U, all terms independent of u and U masses, and in particular the poles at D = 4, are wiped out like the GIM cancellation law and thus lead to a ^nite contribution from the diagram involving W boson loop.

Now we write the amplitude obtained from the second term in (16) as

A^{withFC}

e f f = AW + Aϕ =

g^3 (4π)^2c ( ∑_{k j}^{V ∗}ks^{(N}k j^{− δ}k j^{)V}jb^F1^{(x}k^{,x} j^) ) (s_L γ_ţb_L), (21)

where F(x,y) = 1 4(x − y) ( y − 1 x − 1 x^2 lnx − x − 1 y − 1 y^2 lny ) . (22)

Here k, j run over u,c,t,t_1,t_2,...,t_n. We may note that (21) is also gauge invariant.

Amplitude for the effective bsZ vertex now can be written as

A^{bsZ} = A^{withoutFC}

e f f + A withFC e f f = g^3 (4π)^2c ( ∑_u^ξu^{(F}1^{(x}u^{) + F}2^{(x}u^{))} ) (s_L γ_ţb_L)

+ g^3 (4π)^2c ( ∑_{uu0}^{V ∗}us^{(N}uu^{0 − δ}uu^{0 )V}u^0b^{F(x}u^{,x}u^{0 )} ) (s_L γ_ţb_L) (23)

We see that as x → y,

F(x,y) → x 4 − xlnx 2(x − 1)

≡ F_3(x) (24)

which is included in F_1.

Then we can write the amplitude as

A^{bsZ} = g^3_( 4π)^2c ( ∑_u^ξu^{(F}1^{(x}u^{) + F}2^{(x}u^{))} ) (s_L γ_ţb_L)

+ g^3 (4π)^2c

(_{Un}

∑_u^{V ∗}us^{(N}uu^{− 1)V}ub^F3^{(x}u^) ) (s_L γ_ţb_L)

+ g^3 (4π)^2c

(_{u ==u0}

∑_{u;u0}^{V ∗}us^{(N}uu^{0 V}u^0b^{)F}1^{(x}u^{,x}u^{0 )} ) × (s_L γ_ţb_L) (25)

Thus from the note below Eq. (12), we see that for the second sum in the above expression the ^rst two terms are not contributting, and contributions are coming from the top quark and t_1,t_2,....

4. Results and discusion

We take m_u = 0.007 GeV, m_c = 1.5 GeV, m_t = 180 GeV, and m_W = 88.22 GeV. The ^rst term of (25) is without FC.

TABLE 1. Functions F_1(x),F_2(x) and their sum for different values of the parameter x = m^2_U /m^2_W .

m_U 0.007 1.50 180 200 250 F_1(x) 1.2499 1.2491 3.0864 3.4691 4.1066 F_2(x) -2.4999 -2.4939 -0.6301 -0.5643 -0.4403 Total -1.2501 -1.2448 2.4563 2.9048 3.6663

We see that the dominant contribution is coming from the top quark. Next, we look at the second term. The function F_3(x) is calculated for different values of mass of the up type quark, for m_t = 180 Gev and above, viz.; 200, 250, 300, 400 and 500 GeV, and is given in the Table 2.

TABLE 2. Function F_3(x) for different values of the parameter x = m^2_U /m^2_W.

m_U 180 200 250 300 400 500 F_3(x) 0.250 0.465 1.160 2.076 4.524 7.834

We see that the second term, which is also ~avour diagonal, gives dominant contribution for large masses of U. Of course, mixing with the isosinglets reduces this contribution to some extent because of what we have noted below Eq. (25).

For the third term, which is the additional effect of the FC vertices, we note the following:

(i) F(x,y) is a symmetric function on exchange of x and y.

(ii) For small values of quark masses, its value is negligibly small: F(x_u,x_c) = −0.0006959. Even for intergenerational mixing like (x_t ,x_u) or (x_t ,x_c), the value is negative but small, F(x_t ,x_u) = −0,0504244 and F(x_t ,x_c) = −0.504103, resulting in reduction of the contribution as compared to values in Table 1. The FC generational mixing of top quark interferes destructively upon the contributions without FC and, consequently, the strength of the effective bsZ vertex is weakened with respect to the doublet case. Thus, we may expect reduction in b → sl^+l^− decay rates.

(iii) As F(x,y) = F(y,x), keeping m_t = 180 GeV ^xed, we vary the masses of exotic U’s, taking the values 200, 250, 300, 400, 500 and 600 GeV; the results are given in Table 3. We see that F(x,y) is a monotonic function of exotic quark masses U_i.

TABLE 3. Function F(x_t ,x_U ) with m_t = 180 GeV for different values of the parameter x = m^2_U /m^2_W.

m_U 180 200 250 300 400 500 600 F(x_t ,x_U ) 0.2502 0.3472 0.0591 0.7946 1.1580 1.5110 1.8020

For heavy masses, the values of F(x,y) are positive and increase with the mass:

F(U_{300},U_{400}) = 3.0508, F(U_{400},U_{500}) = 5.9296, F(U_{300},U_{500}) = 3.9335, F(U_{400},U_{600}) = 7.2116 F(U_{300},U_{600}) = 4.7279.

The mixing of the top quark with the heavy masses appreciates the rates, and the same is true for the case of mixing of any pair of the exotic massive states (U_i,U_j).

(iv) The mixing of higher generational masses of 500 Gev and 600 GeV with u quark and c quarks yield virtually the same results:

F(x_{U=500},x_u) = −0.9390 , F(x_{U=600},x_u) = −1.02439 F(x_{U=500},x_c) = −0.93877, F(x_{U=600},x_c) = −1.02439

Thus, the effects of massive singlets’ FC mixing with up and charm quark are same as those noted in (ii), and so the effective bsZ vertex is further weakened.

Now we turn to the matrices V and N . As stated earlier, V_L is not unitary, and following [18], the elements can be written as

V_{L i j} = c^{ui}_L c^{d j}_L ĹV_{L i j} (26)

where ĹV_L is the usual unitary CKM matrix. The values of c^{ui}_L and c^{d j}_L were calculated from the values of s’s collected from [28] and are given below:

(s^d_L)^2 = 0.0023 (s^d_R)^2 = 0.019 (s^s_L)^2 = 0.0036 (s^s_R)^2 = 0.021 (s^c_L)^2 = 0.0042 (s^c_R)^2 = 0.010 (s^b_L)^2 = 0.0020 (s^b_R)^2 = 0.010

Now we calculate the amplitude A^{bsZ} given in Eq. (24), term by term, in units of

g^3 (4π)^2c (sL γţbL). We also take the CKM matrix elements from the fourth generation calcu-

lated in Ref. 29.

The ^rst term, considering the sum up to the t quark, has the contributions: + 0.00021533, Ű 0.019014597 and + 0.160212211, from the u,c and t quarks, respectively, yielding the total value of 0.141412944.

For the second term, the contribution from u is only positive and all other contributions are negative. To have an estimate, we calculated the terms up to t_2, and assuming t_1 = 400 GeV and t_2 = 500 GeV. The contributions coming from u,c,t,t_1, and t_2 are of the order 10^{−7},10^{−4},10^{−3} and 8 × 10^{−2}, respectively. The total contribution of the second term up to t_2 is - 0.163019137. We see that the second term acts destructively upon the ^rst term. Thus, the penguin diagram for the effective bsZ vertex is reduced to - 0.021, which is less then + 0.14 in absolute value, i.e.,

|Sum of the ^rst and second term| < |First term|

Hence, the experimental upper limit of b → sll(l = ν,l^±) does not put any restriction for mixing produced by the uu^′Z vertex.

The third term has a chequered character. The u-block with a total of four cross-values of F(x,y) gives the value + 0.000104866, the c-block with a total of three cross-values gives Ű 0.009075973, the t-block with two cross-value gives + 0.044967028 and the t_1- block has only one term and that is + 0.010810562. As the sum of the ^rst two terms is Ű 0.021606193, the addition of the u-block does not matter much, while the addition of the c-block reduces the value to Ű 0.0305773. But the addition of the t-block is substantial, as it rather restores the value of A to its positive value, i.e., to + 0.0143 and then t_1-block adds and ^nally taking all terms upto t_2, we get the value of A^{bsZ} of + 0.02520029. We expect progressively increasing values from further terms. So, the introduction of exotic up type heavy singlets slowly augments the decay rate and we get a clear testing ground to investigate the presence of the fourth generation.

5. Conclusion

The contribution to the effective bsZ vertex of the new penguin diagrams induced by a uu^′Z vertex is bound to be smaller than the SM result, and interferes destructively with it. Hence, the rate for the FC decay is lowered by this effect, and the experimental upper limits on b → sl^+l^− and on b → sνν do not imply any constraint on a mixing induced uu^′Z vertex, but it may help the investigation of the existance of the fourth generation.

References

1) K. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49 (1973) 625;

2) S. Weinberg, Phys. Rev. D5 (1972) 1412; A. Salam, Proc. 8th Nobel Symp., Stockholm, p. 367 (1968);

3) S. Glashow, J. Iliopoulos and L. Maiani, Phys. Rev D2 (1970) 1285; 4) M. S. Alam et al., (CLEO Collaboration), Phys. Rev. Lett. 74 (1995) 2885; 5) A. J. Buras, Nucl. Phys. B79 (1978) 109;

6) J. L. Hewett and T. G. Rizzo, Phys. Rev. D49 (1994) 319;

7) T. G. Rizzo, Phys. Lett. B315 (1993) 471; S.-P. Chia, Phys. Lett. B240 (1990) 465; K. A.

Peterson, Phys. Lett. B282 (1992) 207; X.-G. He and B. McKellar, Phys. Lett. B320 (1994) 165; 8) J. L. Hewett, Phys. Lett. B193 (1987) 327; W.-S. Hou, A. Soni and H. Steger, Phys. Lett. B192 (1987) 192; S. K. Biswas and V. P. Gautam, Possibility of the Fourth Generation in Quark Sector through the Study of b ! sγ and the Dipole Moment of the Top Quark, to be published in Hadronic Journal;

9) J. L. Hewett, Phys. Rev. Lett. 70 (1993) 1045; V. Barger, M. Berger, and R. N. J. Phillips, Phys.

Rev. Lett. 70 (1993) 1368; M. A. Diaz, Phys. Lett. B304 (1993) 278; G. T. Park, Mod. Phys. Lett. A9 (1994) 321;

10) C. Albright, J. Smith, and S.-H. Tyem, Phys. Rev. D21 (1980) 711; B. C. Branco, A. J. Buras, and J.-M. Gerard, Nucl. Phys. B259 (1985) 306;

11) R. Barbieri and G. F. Giudice, Phys. Lett. B309 (1993) 86; M. A. Diaz, Phys. Lett. B322 (1994) 207;

12) L. Randall and R. Sundrum, Phys. Lett. 312 (1993) 148;

13) H. Dreiner, Mod. Phys. Lett. A3 (1988) 867; S. Davidson, D. Bailey, and B. A. Campbell, LBL Report CfPA- 93-TH-29 (1993);

14) A. Sirlin, NYU report NYU-TH-93/11/01 (1993); 15) B. Holdom and M. V. Ramana, Phys. Lett. B365 (1996) 309;

16) P. Langacker and D. London. Phys. Rev. D38 (1988) 886, 907; E. Nardi, E. Roulet and D.

Tommasini, Nucl. Phys. B386 (1992) 239; Phys. Rev. D46 (1992) 3040; Phys. Lett. B344 (1995) 225;

17) D. London, in: Precision Tests of the Standard Model, ed. Langacker World Scienti^c, (1993). 18) C. P. Burgess, S. Godfrey, H. Kĺonig, D. London, and I. Maksymyk, Phys. Rev. D49 (1994) 6115; 19) W. Buchmĺuller and M. Gronau, Phys. Lett. B220 (1989) 641;

20) T. P. Cheng and M. Sher, Phys. Rev. D35 (1987) 3484; M. Sher and Y. Yuan, Phys. Rev. D44 (1991) 1461; W. S. Hou, Phys. Lett. B296 (1992) 179; A. Anantaramian, L. J. Hall and A. Rasin, Phys. Rev. Lett. 69 (1992) 1871;

21) L. J. Hall and S. Weinberg, Phys. Rev. D48 (1993) R979;

22) M. Leurer, Y. Nir and N. Seiberg, Nucl. Phys. B398 (1993) 319; B420 (1994) 468; Y. Grossman and Y. Nir, Nucl. Phys. B448 (1995) 30;

23) D. Chang, W. S. Hou and W. Y. Keung, Phys. Rev. D48 (1993) 217; M. Luke and M. Savage, Phys. Lett. b307 (1993) 386;

24) D. Atwood, L. Reina and A. Soni, SLAC-PUB-95-6927 [hep-ph/9506243] ; SLAC-PUB-95-6962 [hep-ph/9507416];

25) T. Han. R. D. Peccei and X. Zhang, UCD-95-17 (June 1995) [hep-ph/9506461];

26) T.-P. Cheng and L-F. Li, Gauge Theory of Elemetary Particle Physics, Oxford University Press, 1984, p. 391;

27) T. Inami and C. S. Lim, Prog. Theor. Phys 65 (1981) 297; (1981) 1772(E); 28) E. Nardi, E. Roulet and D. Tommasini, Phys. Lett. B344 (1995) 225;

29) S. K. Biswas and V. P. Gautam, Possibility of the Fourth Generation in Quark Sector through the Study of b ! sγ and the Dipole Moment of the Top Quark, to be published in Hadronic Journal.

MULTIDUBLETNI MODEL ZA LEPTONSKE I RADIJATIVNE RASPADE b KVARKA U SVJETLU DOPRINOSA OD PROMJENE OKUSA u-KVARKA

Na efektivan vrh bsZ mo“ze utjecati vrh uu^′Z kro“snje koji je nastao mije“sanjem te“skih egzoti“cnih kvarkova tipa u. Razmatraju se elektroslabi pingvinski dijagrami s jednim ubacivanjem vrha uu^′Z i izra“cunavaju doprinosi koji nastaju zbog tih dijagrama uz primjenu Cabbibo-Kobayashi-Maskawinih matri“cnih elemenata. Razmatra se takodŰer primjenjivost poopťcenog Glashow-Iliopoulos-Maiani mehanizma. Dodatni se u“cinci te“skih izosingleta usporedŰuju s u“cincima egzoti“cnih te“skih izodubleta koji se javljaju u vi“segeneracijskim modelima. Nalazi se da u efektivnoj vr“snoj amplitudi doprinos od promjene u-okusa interferira konstruktivno i destruktivno s pingvinskim dijagramima s jednom petljom sa odnosno bez umetanja vezanja koje mijenja okus.