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In previous publications’/1?/ we considered various aspects
of the realization of symmetry groups in the four-dimensional
space-time V4. The present work deals with embedding of the
space of the dynamic SU(3) symmetry group in the V4 space,
i.e. with construction of the fibre bundle E, which locally
represents a product E~F x V4, where the fundamental repre-
sentation of the SU(3) group is realized within the fibre F.

A formulation is given of the coloured quark SU(3) theory of
weak interaction. .

The Poincare group ? represents the symmetry group of the
space-time V4. This group is a kinematical group, i.e. the dy-
namic nature of the origin of spin has not yet been establi-
shed. x ,x* is an invariant in the V, space. Therefore the ef-
fective dimensionality of the V4 space is 3, instead of 4
(we choose the compact part V4).

If one assumes (as in ref.2) that the symmetry group. of the
V, space is the Poincare group $, which is not simple, ¥ -

? .SU(2) x SU(2) x T?% and the conventional definition is ta-
ken into account of the homomorphism between the SO(3) and
SU(2) groups, then in V4 only such groups can be realized that
are characterized by three parameters (S0(3), SU(2)).

On the other hand, no relationship usually is assumed, in
the general case, between the dimensionality of the basis
space and that of the fibre’3/ (or between the number of pa-
rameters in the basis and in the fibre).

However, when physical processes proceeding in the space-
time are considered, it is necessary to relate the dimensiona-
lities (or numbers of parameters) of the basis and the fibre.
This is due to the fields related to dynamic symmetry groups
being material. Now, these fields, being material too, must be
related to the characteristics of the space itself. Here two
extreme versions may be encountered: 1) in V, there exists
a vector X, characterizing coordinates of the V, space, and
then in this space a single vector can be defined that is as-
sociated with the said vector (i.e. in V4 one can define
a U(1) theory “1); 2) in V,, which is characterized by an ef-
fective dimensionality equal to three, the space of the sym-
metry group can be embedded in two ways: a) in accordance with
the number of parameters (n = 3) of this space - this will be




the G = SU(2) group’®/, b) in accordance with the dimensiona-
lity of the space - such will be the G = S0(3), SP(3), SU(3)
groups.

In the latter case, of the three groups S0(3), SP(3),

SU(3) the most preferable, from a physical point of view, is
the SU(3) group, the elements of which are unitary and unimo-
dular (the usual conditions required of physical theories).
For realization of the SO(3) and SP(3) groups we must impose
additional conditions, besides unitarity and unimodularity,
for the foundation of which additional physical restrictions
are required.

Thus, we have arrived at the conclusion that the space of
the SU(3) symmetry group can be realized in V4. But which of
the SU(3) representations must be realized in V,? The obvious
answer is that in V, only the fundamental representation of
the SU(3) group is realized. This means that F (a fibre) is
a space of the fundamental representation of the SU(3) group
(the basis is V,), while E represents an adjoint fibre bundle.

Thé covariant derivative of an arbitrary geometrical object
in E has the form’/%/

Y] =Y, + T 61 (V).

For linear representations of SU(3) we obtain Y7 y(x),
a spinor,‘rz - AZ , a vector, T, are generators of the SU(3)
group,

a
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lll?# = -5;-‘-‘—-+TaAul//, a=1+8.

The curvature tensor of the fibre bundle E is expressed
through the connectedness coefficients’ff as follows:

1
2

(f;é is the structure constant of the SU(3) group); then,
from ['Z-»Az follows

a ) a a b, ¢
R‘w = 3[#’1"”] - tfc ‘I‘[u r,,]

a a l,a b c
Fuv _a[# AV] - 2fbc A[u AV].
The expression

J ; 1,a o, uy
A =YD, ¥y ~ R, RY (1)

is a geometrical invariant, which, as Y7,y and ‘I':a AZ, ac-
quires the form

2

o 1_a a uv 2
£® =¢D, ¢ —~—4—FW F . (2)
/5/
fAx) is the Lagrangian of the Yang-Mills fields ¢ and A2

That in embedding the space of the symmetry group G = SU%B)

in V4 one must take as a basis the spatial, instead of the pa-
rametric, embedding is seen from the fact that the appearance
of external fields can be reduced to motion along curved tra-
jectories. This means that if we consider a plane three-dimen-
sional space, it can be parametrized by three parameters,
while a curved three-dimensional space (given by the fields
A?) must be parametrized by eight parameters (in the general
chse).

At present, the commonly accepted theory of strong interac-
tion is QCD’/%/, i.e. dynamic SU(3). theory with the Lagrangian
(2), in which coloured quarks interact by means of eight
gluons.

Just like coloured SU(3) interaction is introduced for
strongly interacting particles, one can introduce coloured
SU.(3) interaction for weakly interacting particles (since
gluons do not take part in weak interactions, the space in

a
which SUc(3) is embedded, is also V4). Then ( Bp), the weak

isospin doublet, Iy = 1/2, of coloured quarks interacts by
means of S coloured gluons, g, The following are colourless
states:

pod

p =1,2,3 £ > ¢ 'apaaﬁa
Q ¢ v ¢POO a, B,Bs
a,= 3 173 A 2P0 a0
B, --1/3 1/3 At 5 P o B

(3)
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Within this approach two versions of the mixing

of W° and B

are feasible, which are considered in ref.’®

REFERENCES

1. Beshtoev Kh.M. - JINR P2-89-699, Dubna, 1984;
INR Acad. Sciences, USSR, P-033%, Moscow, 1984.

2. Beshtoev Kh.M. - VIII Int. Symp. on Prob. High Energ.
Phys., Dubna, 1986, v.1, p.238,JINR D1,2-86-668,Dubna, 1987.

3. Dubrovin B.A., Novikov S.P, Fomenko A.T. - Modern Geometry,
M.: Nauka, 1979.

4. Konopleva N.P., Popov V.P. - Guage Fields, M.: Atomizdat,
1980.

5. Yang C.M., Mills R.L. - Phys. Rev., 1954, 96, p.191.
Bogolubov N.N., Struminsky B.V., Tavkhelidze A.N. - JINR
D-1968, Dubna, 1965.

Gell-Mann M. - Elementary Part. Phys. Vien, Springer-
Verlag, 1972, p.733.
6. Beshtoev Kh.M. - INR Acad. Sciences USSR, P-03%97, Moscow,

1985.

Received by Publishing Department
on December 25, 1989.

—
Bewmroe X.M.

0 peanHsauMH mpoCTPaHCTBA OUHAMHYECKOL
rpynma cuMmmetpuH SU(3) B Vi
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HanHasi pa6oTa noceAmeHa PaCCMOTPEHHI BIIOXEHHH npocTpaH-—
CTBA AUHAMMYRCKOH rpynmm cummeTtpuu SU(3) B npocTpaHCTBO
Vu, T.e. moctpoeHHw paccnoeHHOro npocrtpaHcrBa E, koTropoe
JIOKaNEHO aABJlAeTCA npoussedexHHeM E ~ F x Vy, roe B crioe F
bpeanusyercsa dyHaaMeHTaNbHOE NpencTaBiIEHHE 'YLl Su(3).

YopMynHpyeTcsi KBapkoBas UBerHaa SU(3) reopus cna6oro
B3aUMOLEeHCTBHA .

0n3£a60Ta BbilloJIHeHAa B JlabopaTopuH TeopeTHuUecKoil GH3MKH

Coobuwenne O61emmennoro HMNCTHTYTa ANepHLIX HeenenoBauns. HyGua 1989
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The present work deals with embedding of the space of
tpe dynamic SU(3) symmetry group into the Vi space, i.e
with construction of the fibre bundle E, which loc;11§ .
represents a product, E ~ F x V,, where the fundamental
representation of the SU(3) group is realized within the
fibre F. A formulation is given of the coloured quark
SUc(3) theory of weak interaction. 4
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