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1. III troduc tiOD 
" " ~) The promising success of th';ltV:: 8 extended 

'/1-4/ ' I, 

h·

supergrav,ity der~ved :from the N ,::",-1 supergravi ty in
 

eleven dimensions by'meaDa of the dimensional reduction
 

in ~xplaining msny observed experimental data concerning
~J\ 

" the qUark-lepton epectr~ and its symmetry properties has 

.'
I 
'.

J"
.... 

/ 
reVive~ the old idea of Kaluza/5/ and Klein/6/ that a 

unified theory of the gravitation and other matter fields 

in four dimensiona might be deduced from a gravity (or 

I a ~. supergravi,ty) ~h(Jory in higher dimensions. In many models 
' '.; / 

of the Ksluza-)i:lein type the extra dimensions ar-e epon'tsne

ousl~ compactified / 7,8/. However, in the existing eleven-' 

dimensional supergravity theory/1-4/ the spontaneous 
r 

i~1 ...' 
compac~ificotion takes place st the classical level if and 

r 
only if the four-dimensional epacs-time 1s an anti-de Si~ter

If.~ 

one. To deduce a field theory in the four-dimensionsl 

Minkowski space-time from the eleven-dimensional eupergrevity 

(or gravity) by meane of the spontBneou~ compactification 

of the extra dimensions it ie ne~eeBary either to.introduce 

the Bcelar fielda (at the classical level) or to include 

the contribution of the qUBntum fluctuations • ..., 
t The dynamical quantum effect in the'Kaluza-Klein 
"I ~ 

theoriee waB etudied in many work~. In particular, Candelas 
~/end Weinberg hee pro~osed s method for calculating thp 

contribution of the quantum fluctuatioDB of the scalar 
.~\ 

l
 
fields t2 the curvaturee of the four-dimenBional epace


time aBcwell as of the BpoDta~eouely compact1fied Bpace~
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of the internal symmetry. Chodos and Myers/10 / noted that 

the quahtum fluctuet10ne of 'he multidimeneional gravitation 

symmetric s~cond rank tensor field themselves mue~ also 

contribute to the curvatures~Generalizing the re~sonings 

of Candelas and Weinberg they havo calculated the effective 

potential of this field in the one-loop approximation. The 

one-loop effective action of the gravitation field in higher 

dimensions was also studied by nandjbar-Daomi and Sarmadi 

/11,1~/. However, the contribution of tho quantum fluctuations 

of the multidimensional gravitation' field to the curvatures 

was not consiqered. The,study of thia problem is carried out 

in the present work which would be the necosBery beginning 

of the investigation of the spontaneouB compactification of 

the eleven-dimensional quantum aupergravity. We show that 

in the eleven-dimensional pure gravity theory' with the 

spontaneous compactification to the direct pr-oduc-t Mlj )< St 

of the lolinkoVlskispace-time M,1t and the seven sphere Si: 
the cosmological constant might be chosen in such a Way that 

the gen~raliz~d Einstein equations including the contribution 

of the quantum fluctuetions are satisfied on' the, one hand, 

a~d there exist no tachyons on the other hand. For tha 

simplicity we work in the light-cone gauge which has been 

used earlier by Randjbar-Daemi, Salam and Strathdee/13/.The 

problem of the gauge dependence of the effective action will 

be also considered in the sequel. We use the unit system 

wi th -'tv =- c ~ ::L. 

, 2. Basic equations 

We consider the second rank s~~e~ric tensor field 

~Ae of the' ele~en-dimensional pure graVity theory. where 

A.-B, ••• label the coordinates in ele..n dimensions, and 

assume the following action 

2 
I 

I 

:·lI', 
e. 

! 

It It 
, 

SLGJ~ - ~,,~,(:c~ {R(G)+A J' . (1) 

(! 
-t ~ 

The appearance of the cosmological constant A might be a~ 
consequence of the renormalizBtion, as it was noted by Randj

bar-Daemi, Salam and Strathdee/13/ . Candelas and weinbergf 9/ 

showed that it is necessary to introduce tllis cosmological 

constant in order to satisfy the, 
I~ " notations 

~, I!'I\' 
, J 

I f'~ 

~(G ) '= ' GA 5 ~AB (G) ~ It. .,
D p_,f)_ P+ r !=
RABC~G-oBrAC °CrAB Acrn., AB 6cJ 

.' 
r~B = ~ Gc p (OA G

BD
+ ';lB (7A P - ~pGAB ) / 

ol~'G == de.t" GAf; 

For studying the quantum fluctJ:ation~ we split G1'\ e. into 

;;0.,;, two parts: the background c La'as LcaL gravita tion field }AB 
and the fluctuating part ,x {,. A B 

~ 

GAB = _}A-B + ')<:. {..413 (2) 

·7 
The action S1~ [ ;r I ~J and the Lagrangian ';l ( 3" I .fv) 
of the fluctuating field .{.A l!> in the backgr-ound }A B 

are defined.in the following manner 

(3)s lq'J;: S[}J+ $, ... l:h {,J J 

5,. [J-, {,) "5~ "", VI MJ I ;l (J' Iv) (4) 

3 
'I 
I 

Einstein equation. In our 

G 
AB 

R,
c 

ABc (o)/ 

I>_rE'r.P 
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:~!' .,
CbQdos and myera/10/ noted that in general .,.11.. It may be written in the form 

(~, 
1I~:f~ It [~]S'S' [:J J 1. [,10 ~ )J f)-+ 0 I.'
i'lt 

?-(,.t \ A-e - i ~A-8 CR- + A +' o ) (8)
J 

fj'- AI?>s- Ae
} 6

i.e •• the background field j.AB might not be the.-sol~tion RAe, ==- Rv,ie -(~) I ~ = Pv (d") 
of the classical field equ~tion. Therefore the Lagran!gien The last term in the r.h.s. of Eq.(8) is the vacuum
 

;L(~, -ev) must contai~ the terms of the first'~rder in
 expectation value of the functional deriVative of the
 

the fluctuflting field -hA B subjected td the qusntizstion.
 Quantw;;. action S1L\. [ff I .ev ] .
 
The- terms or' the second: order in -{"A B are known and may
 

b l>L~ Jbe,foung in Ref./1J/ In the calculation of the e~fective =:: <_~~!'L) (9) Ii 
'II' 

potentiar the first order terms play no role, but 'in the b ~.4-8 s A8 / 
'/1J-

study of ~he contribution of the quantum fluctuations to the 
r 

o~atures they are essential ond must be retained, aa we / ~ [J.tJ.j .. ]..e;S" [j,t-] 
.shall see in the sequel. 

- I •<{-"'»~ (10)In the on~-loop approximation the ~ffective ~tentiaL j [tt~ J ~.: $,'-< C:}/'~ J 
of the backgr-ound fie'ld equal'Bd-AB 

We consider the CBSB when the eleven-dimensional(5) 
• I II'~&rt [}-J =r S [6Jt 1 L} J / I' space is spontaneoualy compaotified into the direct "product 

. ~ s., [;r I ev J M X Sf of the Minkowski space-time MIf and the 

L[61 ;r, j [dc-htJ-C 
14 

St' tvL4 
(6) seven aphere . and denote the metric"tensors in 

~e ~~1 
end Sf by} and :J I , reap. The in~iceB 

r: 
a, b ••• label the coordinates of the Minkowski space-time

where
 j [etht] _ .M~ and the i'ndices O<t'~ ••• .label t hoee 0) the seven
 
f I

sphere St . Fr.om,.the generalized Einstein equa t Lona .(8)
 
deno t ee the path inte~al over the quaneumvf LeLd tAB in
 

in Sr and Mq ,resp., we obtain two following relations , eleven dimensions. The generalized Einstein equation 
S"R+ fA 

including the contribution of the quantum fluctuationa is + ~ ~r ~LJ3J 
:::.. ,0 /. (11).t ?-(, .t.
 

the field equation d~rived fro~ the effective action Seff [~J: ~6 ol-F
 

~ ~"t.f [,~) 
~ 0 ('0 ~R, -I- ;...11. ...e s Z[ ] + .} -~-- o .o~ A-~ ~~ ( 12)"~ b ,.,A

-
flii 

} 
4 .... 5 

I 
/ 



Instead of the last terms in Eqs. (11) and (12) it is 

convenient for our purpose to introduce their integrals 

over the spsce rv1 4 )( St 

o-Ct)[.}J-fJ."~ VIkt;1 ~ '" I> ~ [!.J , ( 1.3) 

~ ~ . 

0-C') [~J ' ~ ..-, VTM;I },e ,L,[:J-J ( 14) 

0d-~ 

From the definition (4) it follows that ~he functional 

derivative of the quantum action ma~ be writ~en in the form 

~ [ti .f"J ,. 1. Q. ;;l (,,{,,) + M". (~i 0. (15) 
A-B ~ If B 

b}
.' Therefore we have 

( 16)~(t)[iJ ~ - ~ <8
1

,,' [d/~] >+ il~~ 

. <;(f Me( Cd-I t) > 
",1'\ [3 J=- ~ (S~J:Vf.·] >+S/'~ JI./<lfaI· / 

",.e (<J fv1,,-{, jl tv) >, (17) .I 

The expressions of the last terms in the 1' •• h.s. of Eqs. (16) 

and (17) will be given in the next section. We note that it 

I[ ;t (}I ~) contains onLy the terms of the se cond order of 

the quantized field ~A j) then the expectation value 

<. S~ .... l 'a-I t, ] >would equal zero. However due to the 

~resence of the terms of the first order of the field h.-4 8 
in ;[;('6/~) this expectation value does not vanish. 

It will be,also calculated in the next section. 

;f: 
J. ~i~ht-cone gauge 

For the simplicity we work in the 1ight-cone gauge. 

since in thie gauge the unphysical modes end the Fodeev

Popov gho,ts do not arise., The second order terms of the 

Lagrangian' ;t (d-I ~) have, been calculated in this gauge 

by Randjbar-Daemi, Salam and Strathdee / 1J /• Remember that 

in the seven sphere of the radius aSt 
~ 

-R,O(~~f:=: (;},,< 'J}r j.,,, :rrr)""t 

., Consider the four-dimensional Lagrangian 
'if;""
n 

·il< 
~ :.,. ( 18) 

,;\f 

L(1") z: S..'", Vi J..t~1 ;i (~i~)[l;
f., 

Sf 
In the notations of Ref. / 1JI w~ have 

I 

I' 
L(.t) :=: m £ {,(~~ + L(.t) (.-?v) (19) 

I )(.o..~ "'(. \ )w;~~, 

~. 

·t,;~ L(l1(~). i );<7 r,'_ 'd~+<):H'.'J ~:~) 
• l\::.ol L C\., c1 

\' 
,j 

1 -to ~ {,~\ [0'-"_ "1\.(1\.+-(;) + Hoj,- - et.J -t(~) 
,1' Sb.(. 't. ...'" . a.,,~:t: 

tf",,) t( ~ 
-1- L

ce 

~ -t..:' [r-/-_ _.h.(>\..d) +:t-~s--;- 0<'_1
J 

~~ l'\; 

. 

{ ,
'l\.:: I 0.,
 

:r;:/'"
 
~., (1'\.) [ tI 'I..(l\.f{,) +30- 0(~f +.!.H. 0- J~:~)J 

~ v o..,t
\'" 

~ 

~H{ (20)
l ~ t-tC"') [ . ( )
~( ;~ 0'"'_ VI. 'I'I-+-bo.-:,30_ti ].ttiC"1 

+ ~J 
7

6 (I~ 
i 



.:. 
t-('I"-) ,

H '[a~ _ 'rv(VI.-t 6) T.t~ - 0<, J KHYV).
+ ...L 

o.;~ :J (20)~ 

i H(yV) [ ~ 'rv(Y\.-tG)+18-~ I MC"-)] + '0 _ 
It 'Ov~ J ) 

(\'\I) c'v-,) c"") 
inwhere the fi1lds ~':j ) ~.:~ )'" H 

the 'J,[inkowskl space-time are the coefficients of the Fourier 

expansion: 0:(' the corresponding fields ~j) t-~~) ,., ~l 
in the eleven-dimensional space in terms of the spherical 

harmonic in' seven dimens~ons, n t" is the voliIlM of 

the compact seven sphere, and 

t. 
rJ...~Al\; 

From the expression (20) it follows that there will be no 

tachyons if 0(., ~ s4 
In order to ,carry out the calculation of the path 

integrals it is nec(Jl'lsary to avoid the first order terms in 

the r.h.s. of Eq. (19) by setting 

:v (0) (0) .'If, 5""b 
(21)

{..,.. = -t,.:,.: - VJ,Lf X(~10- 30()"'''' 

Vie have then 

rV (J.) ( )~ H,8L(-w);:llr- ~ t. +L .f.v/ (22 )
{ / a..><- 1~ 0-3c< 

rV (J.) ( , 
where L ~J ia obtained from th~ r.h.s. of Eq.(20) 

after the substitution 
i. " ,.-..I (<»(0) -t ..Z.U ~ o1.ol.. 

8 

" 

In general we can write 
;f 
~t~
l<\. C II N (J1)( > l S/\ f!Mg1 . 

" 

<jd. X L .{;} ~ 
't 
"I 
'''~ Th~ .expression of" i. will be given 1n the next section. 

r;::-~ 

~. Therefore we have 

.( $1' b,{.] / <).t\ L(I',,)>"00 

.~ 

JI 1 1Gg :L) 5~4 '~I 
::. ~ t. '--- + ,t.. . d. 'L V1J.~t-!it" f 

(23) 

{:r~l Q.?L 110 -;0< U 

Note that ff we omit the first order term in the r.h.s. of" 
;~ 

Eq. (19) then we shall loss the first term in the r.ll.s. of. 
'1 Eq. (23). This means that in our study it is essential to retain 

" I. the first order term in the Lagrangian. 

t In the second order approximation with respect to 
,t 
~', -lA 5 the expr-e s sd on of the operator MAB(~/~)the field 

in the r.h.s. of Eq , (15) contains both. the first and second 
• f 

order terms. It is straigJ.tferward to derive, thia expression 

t and then to calculate the last ~erm8 in the r.h.s. of Eqs.(16) 

'I and (17) in the lieht-cone Sauee. l~ obtoin following results: 
, 

jA"" ~
\ 

<:r,(f MoC' (~, ~)> (24)' .. 

j Ii { .m.' ~~<t(.O: ><
00 

d R{~/O~ j= J.:( - VJ Lf ~ ........ -t ~ J=. " / 
!l-')(. ~ . z;, 5::', 

\. 

1J.r'~ 

~( 

S~I"VfU~1<ft 

M~& (~.,}lt,)>)Gl(tJJ>, j (25) 

4 {(Q 1.,2._0( <~ .. ) + < ~ )
::: "\.:x:.1 Sl..'L-......~ 'K.'" 'I.. 0'7 ~=1~ t 

'. 
"'I 

9 
~:I;' 

t"~· 

\,1 ,~ 



~ 

$) 
-
_ 4 S

~~ 
+ i: 

.~ 6 (-W()Co)
RJ ({,/ ~ ) VDr :;0.,2. ~':i R ~I § / (26)x: -t 

,~(,' (0) (~)( t)
Q ( t,)$) =:0 Vnr~~ ~.:~ + Q ~I ~/ 

(27 ), 

00 

i0
R (Z,~ -, ~,{ ~ ~~;) l~' - 5! >c(~~"~: ,,~] - "j <t 

+ T+~S~ ~~:~ [~t _1_H~+b) ~ Jofl')}"J l~)J 
'56 v o,} .......
 

00 

+ L 1l{~("')['o<' -ll:::J"(\.t b) T 35" 1- 0< Jt ~(N) 
.t .\- -t- ....

'VI. ~ ~ Ov 

-;-L H~y,,)L~~-ll tt.('n.-+{;)+3c>L~J H~~ J(28) 
'-. ~ 0\. "",t. ... 

-t . L
cP 

j -.l~tt-t(Y\-)[,t_ ~ [~("-+~) ;3oJ -0< 1{,ti-(tv) 

'n.~~ l 4 JOv 

... ~. t-( Y\-) > r-- J 
+ 2- H [o~_1---l_:J'Yt-t-b)+~3-ri.l Mt(h-)e 

~ Ov~ 

+ f H(~J [,.- 5 [,,-(":~ tH 8b<JH[~) } ) 

10 

.:f-( 

Q(t,(t.,j)=[, jr~~~l['O~_ 
Y\.~Ol4 ....J 

+ f~3+'~5 -f...(~)[d~-
s-,.......
 

+ LcP 

11~~:("')l'o~-
.2. .... 

'l\.=~ 

•
'" 
"\~. 

+ ~t H~"') [-}_ 
" 

~
 , 
Ii;!, + 'i ) l_-fvt't-CW)'[O'--_/t'" 

",-~.t 1J.I 

." ~ H1;(Y\.) [<,, -f-, 'b-
It 

. ~ W(TV) [~ 
-+-1\ 'd

i)' 
)+ 

"ft
i 
I' 

~'fl 

~~. 

) (29) 

~("-t6)+Jt.t-J 1~:~) 
~o}- J d 

~('n.'t6)+ ~OIf(O -0( 1{~~)J 
t a..-t

...... ("(\.+(,)+35'"- 0( 

~ to 
~a.,_ 

'n.(~+:)~: ~o-.( 

h.~'VI.+6):~O-o(..1 

-.J........ '
 

J{,:(n-) 
... 

J+1~~) l 
~ (30) 

-e.tt(l'\.) 

'5 JOv 

Y\.('I\.-t 6 )+,u-O<J' -\;('N)
l-t 

~a.,~"
 

"I\.(~-t6)-t~g-c<
 1 (1'\.)J1 
~o..'" / 

I,' ~'. 11 + ft ~ 
~ . <r( ~) ~ (J1).t-trt-t- ,

] 
I '!~ . 

From the expressions (19)-(22) determining the Lagrangian 

~. L(h) it followB that 

~ (0) >_{fi. ec (32)

<-ev~.; - f X (,Ho -3co< ) 
\.1 

('
 

)
l,t 

II 
t,
 

$ 
~ 
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Therefore Eqs. (24) end (25) give To carry out the calculation of the path integrals 

in the r.h.s. of Eqs. CJ6) and CJ7), we must avoid the first 

, order terms in the expressions (26) and (27) ~f the operato~s ~ --"", J1.l<t~[ <J~r M~r (j,{v» =, 
Rt({.,~) and (Q(.e.,5) byrewritting 

8 
n -1- 6'oh t'V C~0 

x.to... -110 -30< / 3" ');(;J) 
_ '.1- ~ .(., (18- 0<.) SJ-H)(~. [ -t-, <5'" 'ox -;J ~.R.,t) '> )' l'~' R., t/ ~- ::: :iLf~, + ~ ,e,. ~ '(8)( 1 ?(, 0.~ (1+:l, ~ ~ ) [ ~o ~ ~(~)- ~ J ' ' } 

~ -;,. 1

I r--J ('1/j<l""'~ <f~ M~~(j,fv» - Q(~ ~ :: D:. 1- SoLt + Q .(~ ~) 
,) T>i'''-''(~tTJ~)[30'f({)_~J . '<3~) 

/V C'-P (oY;;N 
=c ..L tg(Jt~-o<) J<t~~~/etei I-t-< rJ.~~ oQ((V~J4~ 

where ~ ( -tv, §) or Q l ~I 3)is ,obtained from the
:x.-~ o.~ 1~ 0 - 30< J' J J' 'Gl ~ d':>. 1

r.h.s. of Eq. (28) or Eq. (29) by means of the substitution 

16S' __ (40) 
p Co) ~ .e..,(.o~ -vn r ' -(----,..'F~-)[3o~f(~)-d. ] ' ,.
rv.i-i ,(.01, ?<.. t+:t.,;> , 

To simplify the calculation of- the expectation 

values in the r.h.s. of Eqs. (JJ) and (J4) it is essential rv (R,)
 
(for ), or
~ to no t e that at ~ ~ :l the operators R(~vl t) and Q. (.f..., ~)
 

coincide with the four-dimensional Lagrangian ill
 

16~ 
( 41) 

05 ) p',. -;» "I-v .... .t.. x. ~+I;>'~,\..~ - _(0) 0 ~o~ VSL f . ~J-C-'- ~~ <-) [30 cr(€)~ ({y/ 1) :0- Q((, 1) ~ L (~) . 
\ 

Therafore we have 
I 

r-J(~ 
(for ~', ). r-eap , Then instead of Eqs. OJ) and (4)'( .t\O IZU~)) \ = _ ~.i {~Yv([ J' ;~"'\ R(-ec'~)J 
Vie haveJ ~ ~! J.. E: J ~~ .e J (6)<If ~'::.'~ C; 

g~ 1
til j~",,~ <~·r M.,(O,fv» =S.t\V{J~JI S-~V(Ollo~ 

'I ( J~ (42) {

(J,A" ~(~, V1,:-c~{ -e",S [.U.J.: ~J-'x«(f-,§) ( • \ , _.i., J.-R(1f-oI.) __~ 1~~(t.8~- ~rY..) J 
')(.~a.-~ 1~ 0 - 3 r:l. ?<.t- 0...1.J, (1~ 0 _ 3 rJ. ) ~ /j(J7) 

, 
12 13 . 

". 



;, 
f~ 

\ " 
t/ . I III 

tJf'J (1) ( r 
i- 1 DYv \ ~ [h- (h. t C;) 1-.t3 ] - rI.S.l"~~<ftfl.te (~,~) >=y"" ~15 - ~11·

( dt }~1 ~~~ ! 
(46) /_~ tg(It~-tl..) __" Hit (30-1 j

+ t t. .t ~ J (43) 'i, + E~ D~~ (l[>e(ocH)+lo J- <If-JJ 
)L Q 1~O- 3.<. K. a. (41 0 _ 3o<}..1. 

'I 
I' 

where V(~) and U(V.may be called the extended 
~
 effective potentiala end are determined in the following lAJ(~)~_l r(-v/~) 1. ~ D(O)[ 't\..('>'\.tl.h4.t-o(J~A 

menner' !t- ( )Y/.z, a.~ 13 1-.J YI.. .!:
JpT n.~l) S. 

(44) 
00 ~A) ...... ~, V(()" L,fJ[Je-J.e~~ A R;('r~, €)

J . J + L D~) [ "r\-(n:+ b ) + 30~(~)- 0( J 
YI..::.o 

(' ~\ I r:----; ('S ~ "....., (2-)/ $ , 
(45)l vlMtl ~(\) =.: R"-J [<tt}e-< ~"ex l {., (). + t D~)[ ",Coc+()+>'f-~ r/~X 

'I'\,":::.t ~ _ • 

~ ~~ 

4. Existence of solutions T 2~ D~·) [ "r\-( YI.. T 6) + 30- c( J/
The extended effective potentials V(~) and U(V )t=-~ ~ 

(47) 
may be calculated by means of the dimensional regularization ·d. t D~) L... C,,-+ 61 .... ' - 0( JA 
method, as this was done for the ecaler fields in many ..... :.1 ~ 
.. /9-12/previous worka • In V dimensions we have + t D~) [ n.("-+ 6) + .2.l-~ J'/~ - _' ~L 

V' ) ~ r(-\l/,t,) ~ ~ ') (bl( [ J ~/'-'l~ ~- i 't:»: '-; ~ t: Dn. ~ ~(Yl..tl:)+4.t -a< 
Yl..d, ,$ IlkJrP f~11') et ~:.o ~I 

~ "! [ )'.t-. + ~ D~~)' [ n-(Y\.T 6 ).~ 30 - ~ J
1TL D", ~ t'\-(~+b)+30f(OJ-o( 

l\.,:::.J, -", §
)t:q ~I 

(b) (1) (L)
at> ( )( .) to 

! 
+f.D~· SL",-(,,-+6)+1SJ-o(, -Here D ) D 

n.. 
end D<"'" denote the degr-e e s of the ,VI.

t46) degeneracy ,of the corresponding scalar, transverse vector 
~ ()(' ) y~ 

and second rank transverse traceles symmetric tensor-PJL 0: \~ [n-(~t6) T 3DJ-"
spherical harmonics in Sf . They were given in Ref~10/ 

"I.- ~ JJ 
,;;, (~) ( , )~.t Chodoa and Myers/10/ have shown also that all the sums overI 

+ .z.~4 D ~ [ VI.. (,;tt i )+ 3s:J-0\yv n in the r.h.e. of Eqa, t46) and (47) may be auba t Lt uted by 
, 

\ 15
M 



~ 

\} >~ 
('t ), 

" ..... 

. . 
without changing the whole expressions of the 

effactive potentials V(~) and tt(€) 
the 'method of Candelas andWeinbergwe trans~0rm 

'rv::-i 
extended 

'Applying 

the correspnnding sums taken from the common lowest valu~ 

each sum (from n =-1) in the r.h.s. of the modified 

expressions (46) and (47) into an integral which caD be 

calcUlated ?ith the help of the residue theorem at the 

unphysical values of Y such that this integral is 

)r: 'r~1 

" 

~, II. 

I .' 
'. 
i' ~\. 

last terms in the l.h.s. of Bqs. (11), (12) and then rewrite 

these relations in the form 
; 

B(T(1= 'J(.-!. A(t)(",) B(lta() =' 'J(.~ A(II) (t1.), (51 )1
't.t. oj o..~ 

where 
"vBJj&- .,()EP') (0( ) :> ..t C0{- 30) -' 1:-. 1c8. -

'~ ~ ~40-3~ . 11£.1- 3,,( 

\" 

convergent. After the analytical continuation to 
\ 

the ~hysical 1~1v ('L80-':I.e<) (52) 

value v::. Jt we obtain 
( 

.t, 

~10-3o() 
) 

( 4 (t))
V(~= a}A (01.., ) 

/ 
u.; (i) ~ 

(4) 
.i. A (d-)
a.,4 ) 

( 46) .\ B( 4) (I01.) :::..t
( rJ..- Jt.t,) 

. 

168- 1.--- +
110-30< 110-30( 

~~ C4'-- cI.) 

where 

It)(), (' {J.A 01. = - T ~ 
~ T[ "-=.1 

) t f .080 (0~t (01.-, <! t· l00- -;- t rJ-) /49) 
c:~ T 

J 
,~ 

I..... 

I' 

~8 '+ (;0- o() 

(110- 3"0 :L (5J) 

Jo 

'rl' 

A(t~)(~:: .i. 5i 'f, (..) + 
.z,b rc 1,,:c.~ 

~ot r,.c"'Jj J 

.' 

(50) 
j, 
~ 

~ 

tJ.,
A=

In ,particular, the parameter 

cosmological constant 

cI. determinillg the 

the functions ~; (~) and t (~)/ ~::1,)/ ," 1
.t, 

a.

are given in the Appendix. 
far the given value 'of the radius a must satisfy following 

The 

ateel by 

constant' l:. 
meana of the 

in the r.h.s. of Eq. (23) may be c uLcu.l.» 

S' -function regularization method. In ~ '. 60 
) (0<) 

equation 

Aen (0<) 
----

'.. 
\ I 

( 

dimensions 

l: : 

we obtain 

~ .i. . 
A~o r(-6) 

r (.6- o/~) 
r(-"/~) 

. u C1.) . 
A(4

) (~)BClf ) (rJ-) 

Using the expressions fn the Appendix and the relations 

(54) 

(49), J 

I.s soon as U(~:= V(-t) is finite, we have 1::::: 0 • \ 
(50), (52), (5J) we have proved that the slgebraic equation 

(54) has many roots satisfying the condit10~ ~ ~ 3~ • For 
o' From the definitions (l:l), (14) and the relat ions (16), 

(17), (22), (42) and (48) we can derive the expres'sions of the 
~\ each~from these roots the ratio ~ r ~ 

Q~,V81u6 det6~minad by Eq. (51). 

must take the corrsapon4 , 

16\ 17 
" 

I 
",,' I, 



J) 
~ 

" 

,'. 

product MIt )( St of the Minkowski spsce-time M4 and 

the 'seven sphere Sf . The product ~ of the cosmologiyal 

constant A. and the square of the radius ~ of Sf can 

be chosen in such e way that the generslized'E1Patein equations 

5. Concl~aioA 

We have shown that i~ is poasible to constr~ct a 

self-consistent theory of the pure gravity in the eleven

dimensional space spontaneously compactified into the direct 

(including the contribution of the quantum fluctustions) are 

Bstisfie~ on the one hsnd. and there are no tschyons on the 
I 

other hsnd. For each admissible vslue of the product ~ 

the radius a of Sf is completely determined if the constant 

.. 

== 8-6"t:x:.- -d-t.<..:t./x~ (x-)I 

where Jr(:iC.) and 1,.... (:c) are the Bessel functions, we 

have following relations 

X1- (~) ~ .o-l ~ 

j(~ (:'0) == 3C ,6{ x - s -:1t-.t~ ) 

(+) "1 ,,(±)r 1 (
y~: (~x.-) = ~)_:!.;: ~(~~) I t «: lr:x-)= _t.+~ ~:x.) / 

. ft./:L :V:0 

~ s, (") d [e-C" -" ) F,~t~)+ e-(.- ")~~tv" 33 )) 

'><. is given. 

In the elevsn-dimensionsl Bupergrsvity beside of th~ 
~~(o()~e{~ _0() ~:)(V~3 _0\) + &(0(_8: )~~)(~) ) 

metric tensor GAB (or tlae corresponding viel-bein) 

there are other mat!er fields. The quantum fluctustions of 

the latera must contribute alao to the c~rvatures and ch8ng~ 

t~e'admissibls values of the parameter 0( • The spontaneous 

compoctificetion of the eleven-dimensional sypergrevity will 

b~ 8t~died in a subsequent work. 

'. 

\ 

'I (+)(,r-- ) ) (-+)(,,.---).
q>3(01.).~&(5-1 F

H 
VS-~ + (}(~~~ F~_ V~~~ , ) 

'f.!''') ~ Z[&('-H) F.~J('JLJ-;) ~ ~(.H.3) F,~) (V"-,, )] ) 
In conclusion the author expresses his sincere 

appreciation' to Profs. N.N.Bogolubov, A.A.Logunov, ~s(.) ~ Z [&(.tb-"') FL~)C!J.£-")+ &('-U:)F:~)(V.-.,)] ) 
M.A.1mrkov. V.A.Moaheryskov. V.I.Ogievetski., A.Sslsm 

I 

D.V.Shirkov snd A.T.Tsvkhelidze for ths<interest in this 

work and the fruitful diacussions • 'f 
b 
(1 ~ &(~ ~- o() ~c:) (v 14-:) ~ fT(o(~,~Jt) F;:) (VcJ.- 4Jt) ) 

.Appendix 

setu[n 
g 

00 )I

f (±) ~. X· (x) '. i
~G (r) ~ :>-(,-,,1' j « )8 (r ~) 

• 0 .t~t:!5:-
:v 

( 

±. ~) 
i: (t

'j)l~ (r~) 
j

-)l =t A 

ce, J~ 
'll~lj 

I' /' 

Cf 
f 
(~):: tr(~3-O<) p(T) (V~3:d,) +b-(o(-~) ~~+)(V~-~)) 

~f ' 

and the similar ~:x:pressions of If'. Co<) i. :. i,:t I ••• :J
(t)"') I 

in terms of siX functions F. (6) ..: - ~.t • tJ':. ±..
'(f" I ) - I , ~I 

Residue calculations give ~ ,
...,:::- 4,:t, ~ / fS'::. ± I 

18 19 



J 

, 
.. 

I 

+-
+

 

~
 

'---' 
~

 
........ 

0 

A
../)..... 

X
 

c; ~
 

+-
:!:. 

~
 

tJ..~ 
-: 

<
0

 

~
 

J. 

II 

-' 

/ 

I' 

t 

-
...... -

_
. -.,...,. 

.. 

.y+
 

~
 

1.0 
~

 

+
\ 

~
 H

 
-

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

 

~
 

..... 

~
 

s;-V
"l 

----...... 
....::t 

oY-+ ~
 

,
0

 
C

Y
)

...,. 
:)-+1 K

 

t '"'"""
"'----" 

l.n 
..:t 

+
 

~
+

 
K

 
o -e
~

 

~
+
l 
W

 
.
«

)
 

r+-
'--'" 

X
 

c 
ro

 

+
 

~
 

Ii_ 
"--" 

~
'

 
~

 
.., 

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

 

+-Y H
 

<
'<

l 
-e 
-H

 
'-

-
'"

 
+

l 
........ 

"" 
~
~
-

Jv)"'-

~
 

~
 

t 
..,. 

+
 

rr-: 

"
'
~ 

14 
~

 
O

c 

~
 

~
 

o 
~

 
r
(
 
~

 

+--l{ <
:»

 
i-l 
....... 

rI-
V

\' 
~

 

~
 

+<Y X
 

~
 

~
 

+
I 

<
c
:»

 
l.n 
~

 

+
 

o 
«

'>
 

+
 

+
 

~
+I <

,, 

'-' 
..:r

.\..n 
-r>

. 
~

 

+
"lat Q

 

-:t 
:r+

l 
H

 

~
 

X
 

ry
 
~

 

.
.
 

-. 
, 

-
-

-
-

---
-
.
.
.
 

-
-
-
-





.,..--	 ,,/j
" ,/ 

References 

1. E.C~emmer, B.Julio, Nucl. Phys. ~ (1979), 141. 
,.,. 

2. P~van Nieuwenhuizen, Phys. Rep. ~ (1981), 189. 

3. V.I.Ogievetski, E.Sokatchev, Proc. xv J 
International School on High Energy Physics, DUbna,1982,' 

JINR, D2, 4-83-179, Dubna , 1983. SUBJECT CATEGORIES 

4. B. de Wit, H.Nicolai, Phys. Le~t 108B (1982), 285; 'OF THE JINR PUBLICJ\TIONS 

Nucl. Ph~s. ~ (1983), 323. 
,~ 

5.	 Th. Kaluza, Sitzungberichte der Preuss
 

Akad. WiS6., 1921, p... 966.
 

6.	 O.Klein, Nature ~ (1926), 516;
 

z.pnys.11 (1926), 895.
 

7.	 S.Randjbar-Daemin, A.Salam, J.Strathdee,
 

Nucl. Phys. ~ (1983), 491.
 

8.	 S.Randjb~r-Daemin;A.Salam~J.Strathdee,
 

Nucl. Phys. B242 (1984), 447; Phys. Lett.
 
,~ 

124B (1983), 345.
 

9- P.Candelas, S.Weinberg, Nucl. Phys. B237' (1964), 397.
 

10. A.Chados, E.IJyers, Ann. Phys. 11£ (1984), 412.
 

~1. M.H.Sarmadi, pre print ICTP /84/3, Trieste, 1984.
 

12.	 S.Randjbar-Daemi, ~.H.Sarmadi, pre print ICTP/84/178,
 

Trieste, 1984.
 

13.	 S.Randjbar-Daemi, A.Salam,
 

J.Strathdee, preprint ICTP!84/21, Trieste r 1984.
 

f 

SubjectIndex 

High energy experimental physics 

High energy theor~tical physics 
Low,energy experimental physics 
Low energy theoretic~l Rhysics 
Mathematics I 
Nuslear spectroscopy and radiochemistry 
Heavy ion physi~s 

Cryogeni c.s 
Acce1era tors 
Automatization of data processing 
Computing mathematics and technique 
Chemistry 
Experimental techniques and methods 
Sol id state physics. Liquids. 
Experimental physics ot' nuclear reactiqrls 
at low energies' ~ 

Health physics. 5hieldings. 
Theory of condenced matter 
Applied researches 
Biophysics 

I. 
2. 

3. 

4. 
5. 
6. 
7. 
8. 
"9. 

10. 
II. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 

Received by'Publishing Department 
on February 22, 1985. 

" 
22 



,_ 

....... 

' 

COHHUNICATIONS, JINR RAPID COHHUNICATJONS, PREPRINTS,AND 
PROCEEDINGS OF THE CONFERENCES PUBLISHED BY THE JOINT INSTITUTE 
FOR NUCLEAR RESEARCH HAVE THE STATUS OF OFFICIAL PUBLICATIONS. 

JINR Communication and PreprJnt references should cohtain: 

- names and initials of authors, 
-abbreviated name of the Institute (JINR) and publication 

Index, 
-location of- publisher (Dubna), 
-year of publica tion 
-page n~ber (If necessary). 

For example: 

1. Pervushin V.N. et al.. JINR,P2-84-649, 
Dubna, 1984. 

References to concrete articles, Jncloded Into the Pro-
ceedings , should contcin 

- names and ini t ials of authors, 
- title of Proceedi.ngs.-introduced by word 11 1na11 

-abbrevi ated name of the Institute (JINR) and publication 
Index, 

- location of publi sher (Dubna) , 
-year of publicat ion, 

page number. 

For .example : 

Kol.pakov I.F. I na XI. Intem. Syrr(1oaium 
.on Nucleazt Electronics, JINR,D13-84~3, 
Dubna, 1984, p . 26. 

Savin I .A., SmimorJ G.I. Ina eT:I11R Rapid 
Cbmmunications, N2-84,Dubna,1984,p. 3. 

' 

·~ 

I ~ 
I ~ 

1 

j' 

h 

II 

. ~ 
l 

HryeH BaH Xbey EZ-85-134 
KBaHTOBbie qmyKTya~l111 11 CI10HTaHHaH KOMI1aKTI1ClmKa~l1H 

11-MepHOH rpaBHTa~l111 

PaccMaTpHBaeTCH peAYK~HH TeopHH rpaBHTa~HH B 11-MepHoM 
npOCTpaHCTBe K TeOpHH rronH B qeThlpeXMepHOM I1POCTpaHCTBe-Bpe
MeHI1 MHHKOBCKOrO I10CpeACTBOM CI10HTaHHOH KOMI1aKTHcPHKa~l111 CeMH 
nHWHHX li3MepeHHH. BhlqHcneHbl BKnaAbl KBaH'l'OBblX qmyKTya~Hl! CHM
MeTp!iqHoro TeH30pHoro I10nH B 11-MepHOM rrpOCTpaHCTBe B KpliBH3-
He rrpOCTpaHCTBa-BpeMeHH H KOMI1aKTH~Ii~!ipOBaHHOro rrpOCTpaHCTBa 
BHyTpeHHeH CliMMeTp!iH. ItoKa3aHO, qTo cy~eCTBYIOT 3HaqeHHH KOCMO- ,, 
norli'.J:eCKOH KOHCTaHTbi, AnH KOTOpbiX OTCYTCTBYIOT TaXHOHhl. Itonyqa
eTCH CaMOCOrnacoBaHHaH KBaHTOBaH TeOp!iH rroneH B CI10HTaHHO KOM
rraKTI1cPH~IipOBaHHOM rrpocTpaHcTBe M 4 x S 7 , rAe M 4- rrpocTpaHCTBo
BpeMH MHHKOBCKOrO, a S7 - CeMHMepHaH cclJepa . 

p a6oTa Bbll10nHeHa B na6opaTOPiiH TeopeTHqecKOH I!IH3HKH OIUU:I. 

Coo6~eHHe 06beAHHeHHOrO HHCTHTyTa R~ep~X HCcne~oBaHHA. ny6Ha 1985 

Nguyen Van Hieu E2-85-134 
Quantum Fluctuations and Spontaneous 
Compactification of Eleven-Dimensional Gravity 

The reduction of the eleven-dimensional pure gravity to 
a field theory in the four-dimensional Minkowski space-time by 
means of the spontaneous compactification of the extra dimen
sions is investigated. The contribution of the quantum fluc
tuations of the eleven-dimensional second rank symmetric ten·
sor field to the curvatures of the space-time and the compac
tified space of the extra dimensions are calculated in the 
one-loop approximation. It is shown that there exist the va-
lues of the cosmological constant such that the resulting four 
dimensional field theory is self-consistent. 

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