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1 Introduction · ; ';': . y 
. ·. ., . • . , , . I . 

. j\.t the present time,· the problems of missing mass'[l],[2} and ofthe 
·. existence 'of the so-called fifthJorce [3},[4] are'widely discussed'. It will be • 

shown h~re-th~t- both ·the p~oblems are mutually connect~d;and have a 
. positive solution in the framework of General Relativity that pr'edicts tµe .· 
, existence of new. forces and unknown particles which can be i~terpret~d , 
'as particles of dark matter:. . · · · \ 

'j ', 

. . ' ·, . ;" 

~he preliminaries 
Gene~al. R~lativity . was originally· formulated; as. theory valid for· mass 
-·, ,.• , I ., . / .. , , , _,,.. I · ,- .. 

distributions. on a macroscopic sc'ale, as opposed to atomic scale, arid for • -
' clas;ical electromagnetic fields .. The,Einstein equations in the prese~ce 
;of..movi~g matter have'the form [5(, · . --~. - · __ ·• ... · ,· · ·. • - .• :, 

• 1 •': , • • • , • c •. •; •\I ~ ,. • • . • • 

' .: 1 ,·;; ' ' . ' ; '. 
-R'3 -,- -g'3 R= -81rpv~v3 ; 

I ,.'f , . , • • ', ' 2,, ',, s ~/':_ " ,• ,1 

·_,, .. --, .. ,_ .;_ ··:.' ,··-_;•·•·::- \_."'" ·:,·r· ~ ··· ~.·.·· ~. ··', '--':'~·-; _ .. ,_1·_,~ .~,! ... :.: 
· . where vi.i~ a field of velocity of the matter. We will compare the EinsteirF· 

equatio~s with'the M~x~ell one f~~' th~ contirniously distributed chcirg~d 
, 'matte~ [5]:' . , J . , . . .... , . ; . ' I , , : 

,. ' .·" i '. ' 
. F'3:;= 4m,-v3 ,. . . 

• ••• :· • ,· ,.,._ ., •• ·;:_ ·,:, :,_/·_ -
1 

__ ,-,.\.: .' / ' __ '. ::: , , -:, ·;,._ .'._.>-, ',\ ··, .:, ;'. ~., 'r" 

; __ ,:, where v' is 'the field of velocity of a charged matter:( As it is- known 
· . [6], the right hand side of the Maxwell equations has got quite -a new 

interpretati~n on the quantum level;· When one is f~un1ed ori the deep 
likeness lie_tweeri thephenomena'ofgravityand electromagnetism, whicli 

' is' i~possible to deny ' iUs natural to assume that the right' ~an,d side 
· ofthe Einstein equations,adinitsanother r~presentation'.similar to the,:: 
. representation given by the D_iiac theory of the.electron for ~he right' hand \ 
side ofthe Maxwell ~quations. In atomic phenomena_tlie gravita'.tiorial,. 
fore.es ~re quit~·un'important, and b~sides, the, spinor fields are no_t linked' ' 
with the group of diffeomorphisin ;the group_of,symmetry,C>f gravit~tional .. 
interactions [7] .. Thus,the new con~ent of the right hand side:ofEinstein 
equations is apparently-_n,ot connecte~ with knownele~ent'ary_ pa~ticles . 
Thus ,in order.to find new possibilities,_it is natural.to appeal to,General. 
Rel1.tifityitself •. / , , • - .:(. : - > <: :· . - .. .. : .' \/' 'I .. .. 1 
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fQr,mµ!~ti_qn gf th~ :f?rgl?l~r)t:, 
i 

I 
! 

A fievelopn,ient of tli,e ~iff~r~iltial g~6m;try, ~:1118,t!d ni~i~ly ,by the reqqif~: 
n1ent~ pf Qener1:1l .Relatiyity !eel to ,th,e pr~ciuction and ex~1::t' foi:n1ulatio.11 
of two fu~d~m.ental~otioris :a diffe;entiable i:n'anifold· M ,and a ve~to~ , 

· spac~. ip(Af): t1:1I1geµ{t~. if• qt 1:1- p,qi~t p; 1:C?<liy: ihes~ ~ptici'ns co~pos~ 
, , , t~e reliapl~fo11Hclc1tion· not 011ly fo.r4ifferenti1:1l g~piiietry,~11t '?-lso Q~~- ,· ... ,;, \ 
' ei:al Ile!atiyitr [7], The l:1fHLly~iey 'i fh~s,(! l1pti<>ps, s,h<?!YS, th~t t~.e f~Jl gn~up. ' ' ' 
· of syn1ip.ettY pf Q~I1ef 1:1l fl-.e!:3:tiyity iµust jl1cJu.de npf pnly ~lie grqm?, _of 

diffeqµiorpl}~sms.1 ~eJ1ti9he_d a90,ye;Jrnt' 13:l~o th.e gr9up of tr1:111~fo,rrnafo>µs 
ofthe such-kind, - ' · 1 ': • ' 1J,. ,, 

, .· : yi~S!Vi _ I_ . 
i'i·' ,, 'F:.....-1.,_,:·,_:,.;.,< (,;,:•·:;'· \·:·1 <·<►i:·''· ). ::·:!~:)·:-·,·,:.·' ,,.··'.i'\1, I',\\ ·:\,:·:'·: 
\yµere Y' _;m,ci VJ N"~ cq.rp.pp~e11ts, ()f th~;ye~t()J: fiel~~_,-s; ~r~;~?IllP<Jll~nts 
_of the fe!J:SOf fj_elci. of typ~ (h}) ,det(§';} 'f. 0. •The gr011p tlil}s ,de~nep is 

,''' t~e' grqup qt gauge syripr1etry, of,/Qener?:l Ilflativity: :~It ~usf h,~, n_9tep 
, t~fit in GeneJ:al Relath1ity t}:1~ grpU:~ ,of diffep!l10f~hisrps plays ;t_hf r_<Ae · ?f _ , , 
the grq11p of sp11ce-~iII1e ~YIJ1II1etry. · It Ci1p.' p~ sliow11 ,thilt tlle diffeomor~, 
phisrri gr~up is the gr<>U:p- qf~xt.~fnaLau~?1Horph,ism~ 9f fh,e gi1~ge g~-ciup' 1 

of' Ge~ernl J:lelativity,Le,, :,p1~' ~a1;1ge 'gr~upi is iP.Y1L!ii111J · under :the itr~r,is- .'. ' 
formati<>;n.s. pf the group. pjff ( ¥): Thus, we, hav~.' n<>Iltrivial unificati01i of 
space-tirne\tnd·gaug~symmetr~s>,. ,i< . :,,::u , : ,: - .. _::·, ' 

.•. i ,·., '.i .• The' tertso'r fields ~a~!' tr,ansf orn1 unde~' t,he •·· g<!,p.ge tri1I1Sf o~±ra~i?~~: in , 
· · different.way~. _j,V~ ,y1l_l say tha~ fl, tersor,,field_T, of,the,typ,e _(nr, n) has 

. tlie g~uge ty~e (p, q) if_ ui;id~r ;th,e: tr~nsforrn11ti?ns ,of Hie' galige gro~~ (, 
there IS;the, correspondence'-" ! : '' ' ' \ ' • 

. . . . . . < ~"=~f-t)'.t·. . .. •.. . .. 
w~ere O .~ p -~- ni, '. O ~ q 5 n; c,tn~ S:-:Pis the transf orII1c,1-tio~ ipyers,e tc>' . 

, /_S, s-r;,; (Tj), ,! , SLTJ~ '5). Frq:rn the'equatic)I1(Rij.==,O whi_cli'~xpress'• , 
. ' . ' the Ei4stein law of gr.fl,'vity , _o~e {an fi11d•,foat the E~nstein· grav~tatioI1al . 

, pot.~ritials •g;; have. the ga;uge type :(b,.o).:_ H~rice,. t:h~ gauge syni_metry 
is connected_,with th,e 'right P,<!tnd ~ic;l,e o(the ~i11ste~~ equ11,tio~f_and, ,if · 
foll9)Ving•th,e;a11,al9gy ,~ith·electrody,n.;a1I1ics, d~,fil/-e.s·.it,s stn1dure. '.•i·•.•:-,· \. 

. So, jt is #aturp,l' to ~upp_ose tlrnt th,'ere ;i,r,e ;un,k11own :grayitatiJ?,g e~e~ • 
. '· .. ment,ary p,artides ~itJi.'~liish }1 ie~ i:~pr~~ellt~~i<>n ,is)In¥ed :oft)l,e t,ight, 
. . ha11,d side of ,'.the Ejn~,t.ei1;1 '~9.uati?Il:S like .ne~ ~epi:e~~P,tiltio'.IlS cf ~he ,r~g!J,t 

hand. ~i_de of .tlie MAx~en. eq~~.ti911s ,11r~ cop.riected ;\V,i.t~ ele~t~<>;11s a:n~ tlie : .. · 
/~',,\.:,:~ ' '' ' •' ,. ,_ ', ' ' ' . .. ' ' • J. ' ' ' 

~ 
,·,,.,,-" 

; ' '' __ · , ·. ''1 .- , : . • / ' ' '' 
Dirac wave function. Hence, we should to find,the type_of tlie field which -
corresponds tothe ~ew particles al!:ciaerive the simplest equation~ of the 
fie_ld with the help- of the ga~ge group of General Relativity. It 'must 
be emphasized tha~ from the Cartan theory of spinors [8] it foll°.ws that· 
spinors are not connected with the grcnip of gauge symmetiYofGeneral· 
Rela,ti:'ity tbo. -· · · · ; · · - ' · · 

. 4· 
'' · Basis fields 

Frorri·the theory of linear v~ctoi spaces. and for. there.asons of symmetry . 
. . and simplicity it follows .that there· is a single• quantity which ,can be p~t. 

' . . - ' ' . . . . ' . -· ·. -

· in correspondence with a hypqthetical particles. This quantityis a tensor 
'• field oft~e type (1,T), :w}, and the gauge type (1,1). Since under tJ:i~., ·. 

action of the gauge group a tensor field IV is transformed,as follows . • . :. · 
, .· ·· w ~.s~s-i; - · · 

•then the ~c;la'.rs.·.'11!; Trw ·and• '11}'11] ;,Tr('11'11) are evidently_i~vari~nts ·' 
of _the gaug~ group of GR Itis known from the theory of linear operators, 
that -th~~e also e~ist oth~r invariants, bu.t in-_what>follows '\Ve will only 
use the invariant.'.,fr('11'11).. . , r ~, . ·, . ,

1 

-.. • • '. .•· ••• ·• •· . 

- .' To derive the nontrivial gauge invariant equations for '11, o'ne can 
consider. the 'properties of such I an important 'notion I as,' the tova.riant 

I derivative from the point of;iew:ihe gauge 'symriletry.<Tlie coyariant 
-_derivative of.'11 with respect to the affine: connection f; = (r{,J can he I 

written in the foim - .·• · ·' C ·.•··· · .. ~ . ; .. ·.. _, .. _, 

·., ~ · . ,- vJ,: == aJ,+[r;,_wJ. : .· ·.. " 
Th~ us~' c>fo the matrix not~tion, ;·'rather; evide~t '~nd .Joes not require 
sp~cjal explanations. Let ;i\ = (r{,J is another affine connec_tion, on M _ 

. and '\7; denotes the covariarit ·derivative with respect to this comiection .. 
Then- · ·· -,· · ·- · · · 

-· ... ·. , ._ .... :>.'\7;W=V';'¥:+[t5f;,'11), __ . >> 
where '5f; = t/;-~ I'i'. S~bstituting, into th~abov~ relation,\'11 ~ Sws-i 
Instead ~f '11; -we ge~ - I ' ' ' . ' ' I > - ' ' . ' ' ' ' ' , -

\7;\J!:=:S(~;~)S~}+ [6f; ~Sy\S:-1,w] .. -
~-~ 

-From this it follo~s that 
- - .· ' -1' .· V;W = S(V;\ll)S, ·· 

,·. 

' I: 3 

--,,.-_~,. 



f. 

-~ 

'•,if ~I\ =S'viS-1 or that the same,' 

r- = r- + s'v:s:-1 
I .1 1 , __ (2) 

Let, ;, .. " ' . ' . ~ ; . , -· '. k. . .. · ... 
·. (B;i!)= B;;== a;r; .-a;r;+ [r;, r;] 

be the Riemann tensor.ofthe affine connectiori I';, then from {2) it follows , . 
that . . _: 1 ',- . 

1 

- . . . 

_ ·-: · · B;; = SB;;S- ; ·. (3) . 

- where B;; is the' Rieman_n te~soi ~fth·;-connection i\. ,Th~s, fromi2) 
,.,an<l {3) it:follows that in theframework'of ,the gauge,group of General 

Relativity·one can.:consider'.the affine connection as the gauge field and . > 

: the tensor B;f as the ~tiength te~so~ of thi·s field. According _to {1) -,~-
. ten;or· field v7;1J! has the·,same' gaugetype as: IJ!, ·but this is nottme for 

·. the covariantderivative of'vw or :B;;: Fm: this re~son it is necessary to 
.. introduce the important notion of the 'gallge CO\Tariant derivative.' _: '.: 

', . '.Let T'be,ateri,sor'field'{tens~(density) of the ga~ge type{l,1), then', 
by definition ~ > · . . · · . : · : ·. . .. · . · · · · 

.. . . . . . . -:<D;T=. 8;T:+ [f;, T] .. ··:·. _ .· . 
-··, - , , _, ·:._ '.,."'·c.- ' ' .. ,::' .. , ··_, ._.·_' • ·.,' _;; ... '.. •\• .• :>:·:•·' ;. ':.~-: 

is the gauge covariant derivativ~. For example, for· the: Ri'emann tensor, 
~ehave :.,, .. · .. ··,. , .. , , .. · .. ·. - .. " . 

D;BJ'i/~ BiB;k f [r;, 11;k]-
- ·- . -, .. ,·• ' .; . -

. As it must be ·,-for the field '11 the gauge c~;aria~t derivati_;e· c~incides_ . 
' with the ~tarida:rd covariant derivative, 'D; q, ;,,; SJ /IJ!. In the 'general Cq.Se ::-,c ' \ 
the operator D;is not. getieral. ~ovari~nt, since D;T wilLnot always be 'a 
ten,sor field fogetherwithT; Howeye~;'the commutator]D~; P1] is ahvays > 
g~heral covariailf, b€!cause . ~ ;, " · . /: " .. . . , . . · . ·.· .. 

•' .. 

:[JJ;,.b;Jt ~ [B;;,~].: 
' . ~- ' ·. . ---~,-- ~ 

'·. 'li't~m thi~, ,;~ get.th~ irripo;tant·rel~tio~for;th.e'Riemann tensor ' 
' , . - - ·- . . ' ,_ . ' ,. 

··- [D;, D;]Bk/=.'(B;;;B~i]' {4) 
- -... ~ , 

, :_Thus, ,the'gauge symmetrysh~wsthat nofonlythe.Einstein,gtavita:· 
tional potentials, ski but also the tensor• field. q, and gauge. field (affinity) 
'r;areto be fre~ted as primaryfieldsi Befo':re writing thesirriplest,gauge 
invariant: equaticin~~- that. expre~s the law. ofinteraction of thes~ fields,· it 
••-: ,, . •• ,, ' . •:, .•.•. , ' ' .' -., I: . -,-_,, 

1:, 

·,· 
:i 
i 
! 

"; 

/ 

-1: 

.,· \ : 

· .:> must be noted that all the :three fields hav~ the geom;tri~al interpreta
, tion'.. For the field$; it is well kno~n, sow~ dwelf ~nly·o~ the ge:ometrical. 
· interpretation of the fields q, and r: . . . ,· . .. . _ .. 

. L~t8Vi = dVf + nkx1Vkdtbe an' infinttesimal change ofrthe vector 
field V 6n a curve ,(t) and SJ == 8) +· IJ!1dt be an'"inpnitesimal gaug~ 
transformation. We·assume that at every moment of time t:an infinites
i'mal change of a v~~tor V along a cu~ve ,{t) is equal to an infinitesimal 

. linear transform<1.tion:of the ~ect~r ~eld Vinduced ~y the ga,ug~ group, 
o_v'i ·=. ~1 Vi dt; Thus, w~ ob~ain a syst~!Il of ordinary linecir homog~ne~us 
differential equations Jor V' (t )' · · ' 

'. - . '. 

; ' dVi , ; dxi /' .·.. i ; . 
. . ..,--d. + I';k-d v. = W;V . / ' ' t t , ' / ' -, . 

, · from ~hich it follo~s that the comp~~ite geometrical object ('11·; f;) de-_ 
fines the general law of parallel-displacement, of a :vector field along the 
given curv~ ,(t): ' ' . ' . 

,I \• 

5. ~Fi~l~ Equcitions , · 
/, 

~he siru'plest g~ugeinvariant-Lagraniian of thefi~ld ·q, has the form 
'' ' ' :i ' ' ' ·;_.,: .' .' '.· '.,' ., :- ✓ ' 

· L~ = -·-Tr(D-\l!D;~ ~ m 2 \ll\ll) · . (5) 
' ' ·••.,, ' .2:. <', \~ : : \ ' . , . '"' ' 

where in i,s a con~tant,.D; =:= g'1 D;. Frorri {5)bYthe :variation with respect 
to· \JI we ob.tain the following equations ·. . .. . . , . . . 

, - ., . . . ~ . . 

D;{JjgjD;l) +.m2Vfgfw= o, (6) . 

where' !~I is-th~ absolute I val,~e of. the determinan! ~{ the matrix (g;; ). 
. When deriving (6) one should take into account1that Tr(DilJ!) = 8i(Trj't , ' . . . ,, . ',, ' ' 

· In acc9rdance with {6) one can consider m as the rriass of aparticle de0 

fined by the field \JI'. The simplestLagrangian oCthe gauge fieldT is a 
di.rect consequenc.e of (3) . . .·. . . . 
, . , . ' '· - . :,-, 1· ' ' ' ·. '. .. " 

Lr ,=,,., .. :4Tr(B;;[t'), {7) 
·, ' 

whe;e'Bii = ikgi1 Bk1:V:arying the Lagrangi~n L ,;,,, i,(J/ + Lr ~vith respect 
,.to];' with the helpofthe relation 8B;; = D;o,r,~_;_D;,8I'j we ~btahi•the ·"· 
following equation~ of the gauge field F ·• , . . .· . 

,- ' . .\ . . '', 

D;( \/191Bii) .. ~ JjgjJi ,· . , . ··- . (8) 

'L' 
i 

5.···,. 



the right hand side ~f which-~onta'iris the t~nsor field-of the third ;ank 
--- . ' - ' '' . 

Ji= [w,niw]. ·.· (9) 

·This field obvio~sly h~ the gauge ty~~ (l,-1)·. The tens~r.cmrent Ji ffas. 
to satisfy th~ equation - _ . . . . . . . . . . , ✓ - • 

. .· p;( Jjgf Ji) = o, . (1,0). 

~ in accord~nce with-(4} ,__'.DiD;h/jgfBii) ~ 0. Fr~m (6) and-(9-)•it 
follows that Ji really satisfies equat_ion (10) and thus ~the_systeni of ecfua-

. _ -tions (6) , (S) is consistent. . . - · . . · . _ '. : · .... 
. _Varying the Lagrarigiari,L ~-LIP'+Lr with respedt~ ii we obtain the 
· ·so-called metric ten1,or:of energy~In~mentum of th~consider~cl system of 
· interacting fields . - . - . -

. - ·• . . ., . . k . . . 
Ti;= Tr(DiWD;W) +Tr(BikB; ) + 9i;L,~ -: - · . (11) 

.\\'here_B/ = B;19k1.-lf.t_he fi~lds W.ai1d I' satiify equati~ns (6) ~nd (8), 
. · then one canshow that the metric tensor of the energy-momentum· sat-
·· isfies th~ well-known eq~ations -, ;_ · < . . . . - . -.. ·· . 

. , . - ' ' . ~ . - -· 

· Tii :'.::._ 0 
~: .. :- ;~ - -------

( wh;r~ the: serilic:olon denotes as usual the _covariant derivative with re< 
spect to the Levi-Civita connection belonging to the field ff;.;: 

' • • i - • > - . ~ _: •_ • •~ - • C .-•. i • • •~ '• ~ ' 

-: . - .· 1 T -· ; .J . -: :: ._-_ . 

. . Ck}= 2l(8;gi.1 ~ 81cg';1 -8,g;k)-
" ' . I " •-, - ' .• ·- ' • I ', ' ,- "_ ., .'"• ' ' 

It is evid.ent 'th~t the m,etric tensor ~nergy~momentuin is gauge ~nvariarif, :., · 
· · Now· we can write down the full action for the fiel.ds g;j, w/ r " .. 

. ~ ~~ . ' . ' - . - . 

. s ~ ~ ~ ]Rhla<; = ¾Jr,( Di WD;W + ,;;,;pw)v'fg!rx ~ .. 
. . .. -¾ J-tr(B;;;ii)ylijd4x,· (12), 

where R is the scalar curvature, G,is the Newton gravitation~! constant• L . 
-· and nis'th~ Pla~_ck constant. Froni the ge~nietricafint.e:rpret-~tio:ri of . 

the fields '11 and r it follows that they have the dimensi~n sm~i. As·a,il -
coordinates can be considered have the dimension s~; the :action S h~s . 

. the·_~or~ect dimeniia~: It is necessary to substantiate only why ~e have -. 

1-~, 
d 

~ : 

i J, 
. ;!,r 

, 

/ 

-·1\ 
1~1•- . 

< i:.t ~ 
\' 

t : -. 
'~ 

.. ·ri'. 

,. 

introduced the_Plarick constant 1iint~ the.full action S an.d not ; say, the 
c~nstant of i_nteraction c with the gauge fieldf \similar ·to the ~lectric 

charge ofthe'electron:.e: ,. ~- , - . -.. 
Consider the infinitesimal transformations of the diffeorriorphism group •.. 

·, :xi = xi+ j{i(x )dt. If .under such transformations the ·gravitational:po
tentials 9ij do not vary, i:e. th~_vector field J{' ( x ). satisfies the Killing 

. equations . . . . . 
✓ 

1(i8i9_il +9i18;J{• + g~;8/J{i = K;;r + K1;; =;= 0, 

'then°the vedor field pi ~ T•i K; will satisfy the eq~~tion P•.;~ :o. I~t~
grating this equationwe obtain the conservation law'.. ,The Killing' eql).a~ . 
tions, impose severe _constraints .on_ the gravitational potentials. Thus, 
the Killing e·quations are quite integrable if the tensor ·of curvature of the. 

_ metric 9ij Sil.tisfies_ the equations [9]: , ·; . 
- - .- . . . . 

·. - , R :: . : , -. 
R:_;;k1, = l2(9i;9il ~-9il9jk): ; . 

. ~-.,.. 

In the-ge~eral
1 

case the Killing equati~nthave no solutions ,at all arid 
there are no conservation laws. This result: all~"ws us to undei"stand the -

' absence of the' consta,nt. of foter~ction of_riiatter-fields w'ith thegra"ita- .. 
ti~naForte,siinilar- to the electric. charge: e and; ~hy tlie Newton gravit.i~ 

·_ tional_ constant G does nqt enter into the equations of matter fields, It is 
.. impossible" to. ,,switch<on,, or ,,s~itch off,, ~hitgra'7itatio~al field; It do,es 

not admit the exi~tenc~ ofthe gravitation~L~creen·. . ·-::. . . . . 
, _· Nov.r co~side;i~finitesimal gauge ,transformations Sj' ~- o}:t !l~dt. If 

.·under: such transformations the gauge field I', does not. vary, i. e. the 
. tensor field ril satisfies the eqiiatio~s . • cs . . . • - •. 

\ ' ' - - - ' . ,,, ,· ' '. ' . ' ... 

... i j .· j I'.· . j. l - . j : .. . a nk + ri,nk - n 1 rik = Y.f!k = o, 

then the,-Vector field.<.f·= Tr(J!!l),"'her~ ji i~; tens~;·ciirrent (9),: 
will satisfy the·equatiori (Ji; i = ·o.Iritegr~ting.this equation we obta.in 
the conservation law-as ~s~aL The equation v.nf == o,like the Killing -
equations , imposes severe-constraints , in the given case, ~n the gauge 
:geld r •. ~Thus, th~~quation~y;n{ ~ 0 is quite integrable: if tlie strength 
tensor B;; satisfies the equattons-Bi;t =l/4B;;';.8f. So, fothe cons!dered,. 
case ,generally speaking, there are no·conservation laws too'.- From this 
fact ifis ~atural to conclude,;that t~ere is .. rio'. spe,cial coupling ·c<>jistant. -. 

' • • . ·' ·"-<, . ' ' ~ • '< ' • ' '. • • '. I ~ 

~ --



(like the electric charge) of the g·auge fielir with the field of_mattetw. 
. The gaµge fieldT is impossible to'.screen .. In t

1

he known sense ,the PJanck 
- ~?~Stant 1i is analogous to, the Newton gravitational CC>ristant G'. . . 

_,,, '.6 General Phyiical I,nt~rpretation 

Va~ying tlie fuU actio~ (12) with respectto gii we derive the Eins.tein 
equations.' · · · · 

. . ·1 · .. ' 
. • 1 ~;; - /2g;;R ~ 12

T;;,. _ .. / . . 
/ • • - • • • - • • A • • ; •• •_. ' •., ' ,• • •., - •~• .\ I • 

where l'.= VnG/c3 is the Planckle~gth and T;;· is the metric tensor of 
energy-momentum (11) .. Thus,it is shmvn that the problem forrriulated, 
a~ove has the s~lutioi:i. A;}t is s~en, the right hand sides-of the Einstein
equati()ns o~ the quantum1evel are determined by the gaU:ge symmetry. 

. , as_ a: matter'offact uniquely: This is' in full'analogy wi_th the right harid, 
' side of the Maxwell equations under the same conditions: . , · ! ·: · .· ··. 

. A tensor field 
0

ofthe ~~cond rank wi des~ribes unkn,own. gravitating .. 
particles which, as it ·was·shown ear_lier ,are i:l:,single sou,rce of the.g~uge 

· field r that i's known 'as the affine connection in g~ometry, .. . .·· . . . 
. It .is not difficult to show that for'the ·field w there is no nontrivial. 
·g~uge invarictnt . equations of :th~. first order; ~~t s •b·~ 'an'. elem~n(of 
the gauge group ; obviously,_ (-S) also belongs to that gr<;>up: further; 

. u~der the_ gauge transformation '11 =. 'SW S~L the same transformation. of 
, the fiel~ w corresponds to differertt elements S, and ( __,;.·s) ~f the gauge 
grnup.We have remarked these properties because they characterize the 
bo;e par~icl7s.· .·' . "- . · .~ . . . ·. . .·. >. •·. .. . : > .1 • • · . 

. .. The equations of motion for a particle in external gravitational and 
. . . . . . . .. . !' 

gaug~ field~ have the form • /. · · 

· -· d2xi.. . dxi dxk t,, . d~i ... •. 
-d 2 + {jk}-d .. _-d + ·-·. -. w_ 'j .. J. ~ o_ , .. ,. s · · · ·. s · · s • me · us . · . 
/ \, . 

where w;; = T_r(Bij) =_, o;Q; .:... o;Q; and Q; = Tr(f;) =· ffk• An. ad-
. . . . . -·. ~ . . - ' ....... . . ' 

. ditional gal!-ge force acting ori the-particle has. the quantum na~ure arid 

.. · the same }6rm that the Lorentz force, Howevei., the'new force has one . 
esserttial featme which can be seen~from a i;.tth.er generni c9nsideratioit. 
Ta.king. the tra'ce of equations. (8) and taking into account that in accor-: 
da~ce with'(9), Tr(Ji) == 0, one obtains .that if r satisfies ~qu~tions (6) 

. and (8), thep. W;j w~ll satisf:y'th_e equations wij;i = Q. These equatio_ns are 
•__,,, .,,· ' ·., . , ,, '•· < ,4' ~ -1 ; • • ' •. • ., >/ ': , 

,:;,·, 8 
.. \· 

_; 

·----· 

) 

'• 

,,'.) 

. w.-

. the s~me -as'the,Maxwell equati~~s ,~ithcmt 'sour~es. From'this one cari 
. conchide that the new f~rc~ connected with the gauge field r, is :n,_either 

central,. norCoulo~b:. · · · - . . . 
~ ' J ' 

-· 

7 ...... Conclusiori 

I'. It is ~ho~n· that Gene;~l Rei~tivity predict~ the ~xistence. ~f' a'. new type 
of particles whi~h practically' do not enterad ~ith the known el~inerita;y · · 

. particles; bec~use the spinor fields a~e connected neither with the space~ 
\ ,i. . • . . . , . . ,· .- ' ' ,. 

time symmetry·grouj:> nor with qie· gauge_symmetry group of General 
Tlieory of.Relativity . Howevei',...these;particles, as it:is established, in- -

·.· tera~t gr~;vifatiorially arid e~if the quanta of th~ unkn~wn longe-r9-rige 
field ':responsible for the existence of tlie fiftli ,force. It is natural to sup- . 
pose, th~t these particl~~ ~an explain the existence of the ·so-called dark: 

'matter;-. . . - . . i , . ..... . • . . . . . ,. ~ - . . . 

.... - 2. The formulated-theory containts orie free ·parameter , the mass of a 
particle. Itis not difficult. to un,der~t~rid thalthe experimental dis~overy 
of the;e particles will b~ a'very impo~tint confirmation 'of the-Einstein. 
Gener~i Relati'.vity. • ·• i- >-_ · : . : .. · .. •· -.•·· i' _> . '· :. -··• . 
· - 3: Ifthe· suggested physical interpretation of the theory is true, then 

the eviden~es ·of the existence of the dark matter , obtained from the -
a,str~nomkal obse~vation~ ' show that~)he ·ma~i-osco~ic,_quan!Uil.1. effects .. : . 
can appear not only on the scale of solid bodies (superconductivity),but · 
als~ on the sc_~~e,s of the galaxies. . ·. . . . . . ·. 
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IlecToB A.B. E2-93-424 
O6m;a51 TeopH51 OTHOCHTeJibHOCTH n' CKpbITa51 Macca 

IloKa3aHo, 'ITO H3 nepBbIX npHHIJ.HilOB o6m;eu: TeOpHH OTHOCHTeJibHOCTH 
CJieAyeT cym;eCTBOBaHHe HOBOl'O B~a B3aHMOAeHCTBHH, TeCHO CB513aHHbIX C 
rpaBHTaU.HOHHhIMH. HoCHTeJl51MH HeH3BeCTHOl'O B3aHMOAeHCTBH51 51BJI51IOTC51 
'laCTHIJ.bl, KOTOpbie He B3aHMOAeHCTBYIOT C H3BeCTHbIMH 'laCTHIJ.aMH HH SJieKT
poMaI'HHTHO, HH CHJibHO, HH CJia6o. <l>H3HKa STHX 'laCTHU. onpeAeJI51eTC51 ITJiaH
KOBCKHMH MacmTa6aMH. 

Pa6oTa BbIIlOJIHeHa B Jia6opaTOpHH TeopeTH'leCKOH q>H3HKH 00:510:. 

IIpenpttHT O61.e,1111HeHHOl'O 11HCT11T)'Ta Sl,!lepHblX 11CCJie,!IOBaHl1H. ,[(y6Ha, 1993 

Pestov A.B. E2-93-424 
General Relativity and Dark Matter 

It is shown that from the first principles of General Relativity -it follows that 
there exists a new type of interactions which are tightly connected with the 
gravitational interactions.New particles representing a new form of interactions 
do not interact electromagnetically, strongly and weakly with the known 
elementary particles. Physics of the new particles is defined by the Planck 
scales. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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