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In the framework of the model of algebraically composite particles, a
new form of the standard-model coupling to gauge fields is introduced,
where the “visible” chirality is always included, but via the total chirality
comprising two factors; the “visible” chirality and total “hidden” chirality.
For leptons and quarks the latter factor assumes its eigenvalue +1, giving
the usual standard-model coupling. In the case of the new coupling there
exist, beside three and only three replicas of leptons and quarks, two and
only two replicas of Yukawa bosons of all colors and weak flavors defined
by the standard-model coupling to gauge bosons.

PACS numbers: 12.90. +b, 12.50. Ch, 12.50. Lr

The concept of algebraically composite particles was recently introduced
to provide an explanation to the puzzling phenomenon of three replicas of
leptons and quarks [1]. It was also shown that this concept may lead to
two replicas of a Higgs scalar and/or a Higgs pseudoscalar (more gener-
ally, to two replicas of color-singlet and color-triplet Yukawa bosons with
spin/parity 0% and 1% and electric charges 0, —1 and z —%-) (2].

The argument was based on the sequence N = 1,2,3,... of Dirac-type
equations

[Ih-(p-g4)- M]p=0, (1)

where the matrices

1 N

t==]
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defined by the sequence N = 1,2,3,... of Clifford algebras

{vf.77} = 26i59* (4,5 =1,2,...,N), (3)
form the sequence N = 1,2,3,... of composite representations for the Dirac
algebra

{ry, i} =29"". (4)
Except for N = 1, the representations (2) are reducible, since for any

N > 1 one can mtroduce, beside the combma.txon 1"1 , N — 1 other Jacobi-
type independent combinations 1’2 yo I'“ of v# , viz.

If = 2o - of) 1 f(v, P =) )
such that
{rt,rr} = 26;;9* (i,j=1,2,...,N). (6)
Hence, one may always represent I’ in the form
Ff":"'“@ 18---®1 . (7N
(N-1)times

For instance,

Ff=7“®1®1,,ré‘=75®i757“®1 rf=7y"07v*e7* (8)

when N = 3. Here, 7#,1 and 9% = i7%y19243 stand for the usual 4 x 4
Dirac matrices. In the representation (7) the Dirac-type equations (1) read
[7 . (p -9 A) - M]alﬂl '¢'/31a2...aN =0 ’ (9)

if the mass term M does not depend on the matrices I'/* (then M,.p, =
6a;py M). In Eqs. (1) and (9), A, symbolize the standard-model gauge
fields including the coupling matnces of the SU(3)® SU(2)®@U(1) group i.e.,
Ns,7s,Y and I} =il rir} (in Eq. (9), the matrices I'y,..., I'; are
assumed not to be present in A, ).
The Dirac-type equations (1) lead to the conserved, fully-relativistic
Dirac-type currents

ip =Nyt Iy - I{riy, (10)

but only for N odd (the phase factors 7y make nnI7 --- '}, Hermitian).
If A, did not include 1’15, what might be possible only for N even (cor-
responding to integer total spins), the conserved, fully-relativistic Klein—
Gordon-type currents

i%e =1N41¥TIPI] "'I'Rr(i o* -QA“)¢ (11)
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with 8#= 1(9#— 8*) would exist. It would be so, since then Eqs. (1)
multiplied by the operators I} - (p — g A) + M would give the second-order
equations of the form

{(-gay - M —igl [P}, I} Fu}y = o, (12)

implying the conserved currents (11) (Eq. (11) in Ref. [2] is valid in this
case).

Under the assumption of Pauli exclusion principle. requiring that
Yajaz..ay (cf e.g. Eq. (9) ) are fully antisymmetric with respect to the
“hidden” bispinor indices az, .,.,ap, it. was shown that for N odd there
exist three and only three fully-relativistic, probabilistically interpretable
states defined by the Dirac-type equations (1) [1]. They correspond to
N =1,3,5 and all carry total spin % In fact, they have the form [1]:

¥ = o 13)
¢,(31) = : (0—175)013&3 ¢a1a3a3 = ¢a1 12, (14)
‘¢'(5) = %€a2a3a405¢010203d405 = 11’0:1 1234, (15)

where C is the usual charge-conjugation matrix and the “hidden” bispinor
indices are defined in the chiral representation: v° = diag(1, 1, —1, —1) (note
that in Eq. (14) the only nonzero components are g, 12 = ~¥Ya;21 =
Yoy 34 = —Yay 43 ). All these three states are eigenstates of the total “hid-
den” intrinsic parity 77NP° I‘N (for N = 1,3,5) with the eigenvalue +1,
as well as of the total “hidden” chirality I'; - - FN also with the eigenvalue
+1. The states (13), (14) and (15) were interpreted in a rather natural
way.as three replicas of a fundamental fermion (lepton or quark) for any
given color and weak flavor defined by the standard-model coupling to gauge
bosons [1].

Now, let us introduce a new form of the standard-model coupling,
where the gauge fields A, always include I'}, but via the total chirality
Ir3-.-If. Note that for three replicas of leptons and quarks corre-
spondmg to N = 1, 3,5 such a coupling reduces to the usual standard-model
coupling, since then I'; - - F assumes the eigenvalue +1.

The Dirac-type equations (1) multiplied by the operators I’l-(p—gA)+M

where 4, — A with I’} — —I'} , give generally the second-order equations
of the form

{(p - gA)? - M? —ig}[If, I F -~ gMIY (A, — A) |9 = 0. (16)
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In the case of our new coupling, where 4, — A, with I'’I5...I'y —
—IPI3---I'} , it is not difficult to show that Eqs. (16) imply the con-
served, fully-relativistic Klein—-Gordon-type currents (11), but only for N
even. The conserved, fully-relativistic Dirac-type currents (10) still exist in
consequence of Eqs (1), but only for N odd.

The density 52 k¢ of the Klein—Gordon-type current (11), relevant for N
even, is obviously not positive—definite, in a similar way as the density of
usual Klein—Gordon current related to the familiar Klein—-Gordon equation.

Concluding, in the case of our new coupling there exist two and only two
replicas of color-singlet and color-triplet Yukawa bosons with spin/parity
0= and 1% and electric charges 0, —1 and 2 ——- (two possible replicas of a
Higgs scalar and/or a Higgs pseudoscalar are among them). These replicas
correspond to N = 2,4 and have the form [2]

1(121)&2 = d)alaz ’ (17)
(9) _1
Yoya, = 6€ﬁ2ﬂ3ﬁ4a2¢a1ﬂ233ﬁ4 . ' (18)

Here, on the rhs, our Pauli exclusion principle does not apply to the bispinor
indices of different sorts (i.e., “visible” a; and “hidden” a3). Note that

¢g:z are scalars, where Aff;:g = (C_l7s)ﬁzaz¢g£3 (in Eq. (14) of Ref.
[2] there should stand these 11),(,21’:;

The double-bispinors (17) and (18), transformed to ¢,(,21’2Z =
(c? 5),320,21[1( 4), can be expanded in terms of 16 spin-(0/1) Yukawa

a1,
fields,

DR =8a1ay SO + 93 0, POY 448, VY

+ (‘7 7 )alaz A(2 4)+1' [7#’7 ]‘11012 IS?’4)’ (19)

for any color and weak flavor defined by the standard-model coupling to
gauge fields. In particular, there are two replicas $(24)1Q of a color-singlet
scalar Yukawa boson with electric charges Q@ = 0,—1 (of them, the N = 2
and/or N = 4 may happen to be realized as Higgs scalars breaking spon-
taneously the electroweak symmetry by a negative mass squared). But, in
particular, there should exist also two replicas S(2:4)3Q of a color-triplet
scalar Yukawa boson with electric charges Q = %, ——;-.

The latter quark-like scalar bosons, being strongly interacting particles,
may be easy to produce in (virtual) pairs at the Large Hadron Collider
and Superconducting Super Collider. These copiously produced pairs may
then rescatter electroweakly into pairs of Higgs bosons, the latter forming
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longitudinal parts of weak gauge bosons. Thus, there may be, for example,
the process intiated by gluon pairs:

g strongly 5(2,4);';@5(2’4)3@ electroweakly 5(2)1+S(2)1_ = WE.WE ,

(20)
giving a large additional rate for Wg‘ W, production at a hadron super-
collider. Such a mechanism for pair production of longitudinally polarized
weak intermediate bosons was discussed previously in detail [3,4] on the base
of models operating with colored pseudo-Goldstone bosons as e.g. colored
technipions. In our model, they are replaced by the algebraically composite
quark-like scalar bosons (in particular).

REFERENCES

{11 W. Krélikowski, Acta Phys. Pol. B21, 871 (1990); Phys. Rev. D45, 3222
(1992).

{2] W. Krdlikowski, Acta Phys. Pol. B23, 785 (1992).The present paper is part
two of this reference.

(3] J. Bagger, S. Dawson, G. Valencia, Phys. Rev. Lett. 87, 2256 (1991).

(4] R.S. Chivukula, M. Golden, M.V. Ramana, Phys. Rev. Lett. 68, 2883 (1992).



