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1. So far, no one has succeeded in finding a relativistic version of the SU(6) group
with internal consistency, i.e., one leaving invariant the free equations and leading to non-
contradictory limitations on the reaction amplitudes. The only success in this direction was
attained for collinear processes, for which the group SUW(6) was found [1].

We propose here a group SUX(6), isomorphic to SU(6), satisfying the foregoing req;?re-
ments, and applicable to two-particle reactions without being confined to collinearity .

2. et us examine this group with quarks as the example. For quarks, the corresponding

transformations are written in the form
_ri a i a
8¢(p) = [Fo A, + e (p)y 7s(ay + arh ) ¥ (p), (1)
where el(p) are three vectors that are orthogonal to one ancther and to the momentum p:
(etep) = 0, (e*+e?) = Bij’ A, are 8 Gell-Menn matrices, and w, a;s and ai are the transforma-
tion parameters. These transformations commute with the free Dirac equation. The vectors
e;(p) can be expressed in many ways in terms of the momenta of the particles that participate

in the reactions. For two-particle reactions, we think that the physically most natural

choice of basis is:

2
1 = - 2 3 - 1.2
e.(p) = M(p, ﬁpp Py €% = Nee ) P1PaPsp, e(p) = Nae e efp , (2)
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where P“ = Py + Popy = Pap + Pay is the total momentum, and Ny, Ns, and Ng are normalization
factors. It is convenient to go over (without loss of the relativistic meaning) to a c.m.s.

(P = 0) and to two-component spinors @(5). Then (1) takes the form

sp(D) = {% (ua}\a + i(oy + c.?xa)bl-’—_';?z + 1(as + c.g?\a) (oon) + i(ag + agxa)i_@‘_'l_zi"ﬂ @,
P P (3)

where ; is a unit vector normal to the reaction plane. It is interesting that the operator
ie;(p)yuys turns out to correspond to the helicity (3-5)/|§|. This means that the total
helicity is conserved in the invariant amplitudes.

3. For any momentum, the transformations (3) are isomorphic to the ordinary momentum-

independent transformations
'->-_ia a >
') = {5 4, + 1y + )y for(D). (*)
Indeed, the transformations (3) and (4) are related by the similarity transformation

o'(p) = s(D)o(D), (5)

where the matrix S(%) effects spin rotation, which transforms (3-5)/[§| into o, (o°n) into
0ys and (E-Exi)/lﬁlinto o,, but does not affect the momenta themselves. We choose S(%)in the
form D
s(p) = exp(= ®0), ® = -n arcsin —= . (5")
5
Quarks with different momenta transform in accordance with different but equivalent repre-
sentations of the SU(6) group, and the similarity transformation (5) makes them all fully
equivalent.

4k, The transition to the spinors m'(ﬁ) makes it easy to construct the invariant ampli-
tudes. Since (4) simply coincide with the ordinary transformations of SU(6) and do not de-
pend on the momenta, the invariant amplitudes are constructed in these terms in the c.m.s.
in accordance with the usual rules of SU(6). Thus, the amplitude for the scattering of a

quark is written in the form
ot ty ot 1y o 1y o ' LIS
Al 9 )0 o) +B(p o)(o 0); (p,=0 (p:))>
4 =2 3 1 4 1 3 2 1 1

where A and B are arbitrary form factors that depend on the energy and on the scattering
angle 6. 1In the languate of ordinary spinors the amplitude has a more complicated form,

for example
4 ! ! 8, + + i . +,> > + + +,>
(0 "0 ) (0 "0 ) = cos? 50’0 ) (g0 ) - 5 simd[(o (+M)o ) (9.0 ) + (9.0 ) (v (c-n)p_]
- 2 3 1 4 2 3 1 4 = 3 1 4 2 3 1
. 0, + o> >
- sin® Z(p (c-n)o ) (o (o-D)e ).
4 2 3 1

It is logical to work directly in the terms of the "primed" spinors (5).
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The situation with other multiplets (35, 56, etc.) is similar 2). There, too, it is
possible to go over with the aid of spin expressions similar to (5) to new ("primed") quanti-
ties which transform in accordance with ordinary SU(6). Then the amplitudes are also con-
structed in accordance with the SU(6) group rules.

5. The matrices S(-f)) drop out of the cross sections summed over the spin states. In-
deed, );cp'(s)cp""(s) =8 };.cp(s)cp"'(s)S"l = 88"1 = 1. Thus, we reach the important conclusion
that all the consequences for the cross sections summed over the polarizations do not depend

. i .
on the choice of the vectors e#. These consequences are the same as if we were to construct

the cross sections in accordance with the rules of SU(6) without paying attention to the fact

that the momenta differ from zero. The correctness of the choice of the basis can be veri-

fied only by an evaluation of the polarization effects.

6. Since the obtained group is an internal symmetry group, which commutes with the
free equations, the question of elastic unitarity does not arise. Thus, in the simple case
of scattering of a unitary singlet by a quark [3], the scattering amplitude takes the form

A(cos LA sin% (0+n)), meaning that the connection between the phases is & . = 62, i.e.,

for a given total angular momentum j the phases are degenerate in the orbitzlangular o=
mentum £.

T« At the same time, the obtained group SUx(6) can apparently be employed only at very
high energies, which level out the mass differences of the states that enter in one multiplet,
Jjust as the use of the isotopic group is justified only at energies exceeding the electro-
magnetic mass splitting. At low energies SUx(6) may lead to strong deviation from experiment.

Thus, we have obtained a dymamic (just like SUW(6)) relativistic group SUX(6), which
commutes with the equations of motion, is internally consistent, and is isomorphic to Su(6) .
The consequences of this group and the resultant predictions will be considered elsewhere.
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1) This group arose as a subgroup of the infinite~parametric group which we have con-

sidered earlier; the SUw(6) group is a particular case of SUX(6).
2) The transformations for the 35-, 56 , and 189-plets can be found in the authors'
paper [2] (see Sec. 5 and Appendix 4).
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