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One sees the basic ideas of the gauge gravitation theory still not generally aceepted,
in spite of more than twenty vears of its history.

The chief reason Ties in the fuet that the gange character of gravity is connceled
with the whole complex of problems of Kinstein generad relativity: about the reference
system definition, on the (3-=1)-splitting, on the presenee (or absenee) of svinmetries
“in GR, on the nceessity (or triviality) of general eovarianee, on the meaning of cqni-

“alenee prineiple, which Jed Einstrin from special to general relativity (1),

The real actuality of this complex of intereonnected problems is demonstraied hy
the well-known work of IPoek, who saw uo symmelries in general velativity, deelared
the unnecessary equivalence prineiple and proposed even fo substitule the designation
« chironogeometry » instead of « general refativity s (see also Havas), Beveloping this
line," Boxpr quite recently also expressed doubls about (he « relativity o in Binstein
theory of gravitation.

All proposed versions of the gauge gravitation theory must elarilfy the dizerepaney
between Einstein gravitational field being @ pseudo-Riemamnian metrie ficld, wid the
gauge potentials representing conneetions on some fibre hundles and {here exists no
group, whose gauging would lead to the purely gravitational part of conneetion (Chris-
toffel symbols of ock-1vanenko-Weyl spinorial coellicients),

We shall not analyse here all attempts to overcome this difliculty (see reviews (24),
But we believe that every gauge theory, alming at deseribing the gravity, must be in
agreement with the basic relativity and cquivalenecs principles of Einstein theory,
Mereover, the gauge gravitation theory is to be constructed from this prineiples.
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Lo this purpose, let ws compare the relativity principle (RP) and the cquivalence
principle (L) of gravitation theory with the postulates of gauge theory by using
the formalization of both of these theories in terns of fibre hundles,

Without enfering in details and comparing hero all exisling versions, one sees
that essentially REP states (he equivalenee of all reference sygtems for formulation of
fTundamental physieal Tovs. S0 one needs the notion of reference systems for o given
theory and must define the elass of their transformations. RP requires then the form
covarinnee of physieal bovs with respeet to the group of all transformations of the refer-
ence frames. One needs also to indieate xome reference systeny, where the pliysical laws
and equations possess the well-known form. In the ease ol gravitation theory this is
the referenee systew, corresponding to transition to special relativity, established by B

In the fibre hundle approach of the g theory the interaction of a field multi-
plet {g} possessing {he symietry group (£ ix deseribed by infroducing a0 geometrieal
structure (eonneetions) on the fibre bundle 2, whose seclions are the matter ficlds {p}.
The basie prineiple of the gauge theory—the loeal Invariance—micans the covarianee
of matter ficld equations wnder transformations of the fibre bundle A atlases. These
transformations are elements of the loeal group (¢, which is defined as the group of
all sections of the priveipal fibre bundle associated with 2. In he fibre bundle formalism
of the gauge theory a reference system is established by fixing the atlas of the fibre
bundle 2. This is expressed in deseviption of the matler fields {73 by means of a certain
family of funetions with values in the space of o typical fibre and with a particular gauge
of the gauge fields.

One must distinguixle the ease in whiel o special choice of gauging is possible,
leading to the reduction of the gauge fields of the group ¢ o the cauge fields of one
of its subgroup I ((he holonomy group of these fields on the fibre bundle 2 is reduced
to 1Ty de refevenee systens exist, where The gange theory of the group (¢ s effectively
reduced to the gavge theory of ils subgroup 1. Then one has the contraction of the
strueture group ¢ of the fihre bundle 2 to the subgroup H. ‘T'he necessary and sutlicient
condition for this contraction is the existence of gome global scetion of the quotient
bundle associated with 2 with the typical fibre G/ The field g, arising in such manner
in the ganee theory is analogons the Goldstone fields in the well-known models with
spontaneous symumetry hreaking (%9),

I the fibre bundle Tormalism the Binstein gravitational field on the orientable
space-time manifold Y s (inomathematienl language) defined as a section of the fibre
bundle 8ol preudo-Facelidean bilinear forms in fhe Bngent spaces Ty over YL A s
ascocitted with the tangent bandle Tyxe, which possesses the structure group GLJ ..
The gravitation tiehls and conneetions (Christollel syimbols) expressed by the com-
ponents of these fields - provide a geometry on the tangent bundle 7y, which is con-
ventionatly understood as the geometry of the space-time itself,

Then inanatogy wilh the gauge theory the choice of a referenee system in the arav-
itation theory ean e defined ag the fixation of an atlas Y — LU v} of the tangent
bundle: T and the reference frames transformations are ihe loeal  group GLJ
transformuations of the atlases of this bundle. :

Thix detinition of the veferenee syrfems i elose to that used in fhe tetrad formula-
tion of generab velativity. The fixation of the oilas of Ty leads, to construcetion at enel
point of a fetrdie reference 11,4 which is the image k= ) ) of the bases {8}
of the typieal fibre of T, and ehanges of the atlases are followed hy the tetrad {rang-

) G SN Ly s el s of conbiivaded peapnas, i E T Toterpnalsonal Condeirm e o {iroevd-
Lorfion (Canwesda 19Ty 0t



" formations, The Linstein (metrical not teiradie) formulation of general relativity cor-
responds to the case of purely holonomic transformations of the reference frames, when
along with a co-ordinate system, defined by the atlas W, = {U,, .} of the manifold V'Y,
one always chiooses the reference systemn adjusted to it with the atlas ¥ — (U v, —dy}
and this corrclation is strictly retained in passing to another eo-ordinate fmnw
T:We— Wy accompanied by the corresponding  transformation dr: W ' of the

_reference system.

Taking all this into account, one ean formulate the relativity prineiple in the gravi-
tation theory as the requirement of the covarinnee of the equations of madter fields
interacting with gravity with respeet to local group (/L$ , nud a8 such it coineides with
the basic postulate of local invariance in the gauge theory. This means that the gravi-
tation gauge theory can directly be built from RP as the gauge theory of external sym-
metrics. 1ts peculiar character is manilested by the fact, that external sy mmetries
gaugo ficlds net also on the operators of puriial derivalives {7}, ns the veetors of tangent
spaces. This circumstance leads, for example, to supplementary possibilitics of indices
contraction and permits, in contrast to the Yang-Mills case, to construet the curvature
scalar from the strength tensor of gauge ficlds aund choose it as the IHilbert-Einstein-
Lagrangian of the theory. But one inust cinphasize that the G L{ p gauge theory is broader
than the theory with pscudo-Riemannian metrie gravitational ficlds, beeause it possesses
metric fields with an undefined signature. Tho passage to the proper Linstein gravity
is connected with the equivalence principlc.

In the conventional gauge theory EI is as a rule not explicitely formulated. T'he
representation of gauge fields by 1-forms of conneetions on fibre bundles leads alre: uly
to the existence of a reference system, where gauge fields are vanishing in a given point.
Hence in the gauge theory of gravitation 131 means the indication of the type of gauging
only. If one aceepts in symmetries language the reduction of external symmetries to
the Lorentz group SO, as the criterion of transition to speeial re lativity, then EI’ ¢an
be formulated as the requirement of the (1§ r gauge theory reduction to the gauge
theory of the Lorentz group. This is expressed by the condition of the restriction of the
holonomy group on the tangent bundle 7. to the Lorents group. Like the general
case of the gauge field theory one has then the condition of the reduction of the structure
group GL{ , of the tangent bundle Ty 4o the Lorentz group and henee the important
fact of the existence of the global section of the quotient bundle associated with 7'y
with the typical fibre G'L], /50, occurs. This fibre bundle is mmnmpln(, to the fibre
bundle A of pscudo-Euclidean bilinear forius in the spaces tangent to X% One sees
that the fulfilment of EP leads to the existence of the metrical gravitational ficld globally
defined on the whole-given space-time munifold X4,

At the same tinie this permits to interpret the gravitation field as a GoldstoneAype
field in the gauge theory of external symmetrics (8) (the iden of the possibility to consider
tho gravity as a Goldstone (lliggs) ficld was also proposed in (23)). But in contrast
to the Goldstone ficlds of internal symmeirics, the gravitation field cannot be removed
everywhere by any speeial choice of gauge.

The contraction of the structure group (L3 to the Lorentz S0, group and con-
sequently to its maximal compact subgroup SO, implics some Klein-Chern geemetry
of invariants on T’y (%), and this enables us to interpret the geomelrieal agpeets of grav.
itation in the gpirit of the Erlanger programme. From this point of view one may not
agree with the Fack-Havas-Bondi opinion about the absence of any symmetries in
general relativity.

Let us shortly remark that the realization of gravitation ficlds by eross-seetions
of the quotient bundle defines their topological classification as the classifieation of the
bundles Tre, whose structure groups ean contract to the Lorentz group (). As SOy
is the image of the injection of the L, -group iito (L) .. the structure of the 8. - hun-

dle on T'ge is defined and its olassification in Chern ¢, 5 11}'} and Pontryagin p, = ¢} — 2¢,
indices proves to be possible, without passing to Ricmannian metries and SO, bundles.
For compaet manifolds U these indicer are represented by Chern difierential forms
(vxpressed by curvature) and the integrals e)f X*] anud §p,[X*] coincide with Ruler
number and the homology index (both equal to zero!) of the manifold X¥, reapectively.

Pinally we ean draw the conclusions that the gauge gravitalion theory, construeted
from relativity and equivalence prineiples reformulated in terms of fibre bundles,
i Ahe (L7, gnuge theory of external symmetries, reduced in some reference frames
to the Lorentz gange theory, with the deseription of the metrie gravitational ficld as
a Goldstone-type field, anddogous to Goldstone fields in models with spontaneous sym-
metry breaking.



