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1. Introduction 

The aim of this paper is to construct in t~ general form 

the complete action of the field theory of the interacting 

universes. This theory ia implied to be the second-quantization 

of the theory of the single universe. AS u.aual, the second 

quantization means that we consider a Fock apace which is a 

direct sum of spaces each of which is a tensor product of N 

spaces for a single univorse (N = 0,1,2, ••• ). (Here a qugetion 

arises a.bout the statistics, i.e. whether the creation opera­

tors o! universes commute or anticomr.lute (or, maybe, oomething 

else?). An.ewer is unknown, but it doean' t e.ffect tbe considera-· 

tions of the present paper.) So, in this thaory one may cons ider 

the interaction between dj.fferent i.miverses. I t j s worthwhi l e 

to define more concretely what we mean under the eingla uni­

verse. Under the single u.niveroe we me on the d- dirr.enaione.l cc 

pa.ct connected manifold V without bou;1de.ry wi t h the a. .;. t J"e ren , 

field.a on it. Theae fields i ncl ude gravitational one pl· 

scalar, spinor, etc.: presumabl y t hes a ar e the f ie lds of 
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o! the strir.ie, "ttteory, al though it is completely inessentifl.l for 

the present considerations. For example, for our real world a 

possible choice may be d = 3 and field content as follows: 

gravitation, quarks, gluons, etc, Lagrangian of this theory 

may be thought to be a sum of curvature term plue Ls.grangi1m 

of quantum chrcmodynamics plus,,, 

Refs (1-10) are recent works (and related ones) on field 

·theory of universes (theory of "wonnholes"), Our aim here · is to 

establish som.e general propertiea of tho e.ction ot this theory 

(assuming its existence ••• ). Our guideline will be the ana logy 

with the string field theory (see, e.g. Refs [1"1,12]). To ex­

ploit j;his analogy, one has to resolve one apparEmt di.f fe rence 

between string theory and theory of universe: the string (we 

consider for simplicity the boscnic string) is one-dimens ional 

manifold (circle in the case of clcsed strings), which ia 

imbedded (mapped) in some d-dimensionfl.l external space , and 

uni.veree apparently is imbedded nowhere. But let's look a t the 

imbedding of atrin.g from the other point of view - the imbedd­

ing means that one defines d scalar functions on the tibstra~t . 
one-dimeneional manifold, ~he whole i nformation about the posi-

tion of string in the externtil d-dimensional space ia contained 

in these functio!ll:I, Mow, if we compare this si.tutiticn with the 

case of univerae with e. m1mber of fields in it, we can Ree tha t 

string theory is the particular cas~ of the theory of universe 

when the dimensionality of the latter is taken to be 1, and 

the set of fields consists of d scalar fields. It is clear 

from this discuasion that the theory of p-branes al&o may be 

considered as a particular case cf the theory of universes, 
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with definite choice of dime!lBionality and a set o! !ieiCl.8 in 

the universe. We note also that our considerations have more 

analogy with the string field theory 1.n the light-cone gauge 

(11] rather than with the covariant approaches, which include 

ghosts [12] • 

In Sect. 2 w~ discuss the action of the field theory of 

universes, in Sect. 3 we give arguments that it is minimal 

action which after quantization gives the awn over all manifo],da 

in the first-quantized representation o! propagator. In the 

final Section 4 we also generalize the Hartly-Hawking's wave 

function of Universe (13] on the field theory of universes, 

2. Action of the :Pield Theory of Universes 

From the first quantization of the theory of single universe 

one obtain3 the Schrodinge r e~uation of the general fonn: 

H'f = 0 , ( 1 ) 

where ~ is the wave !unction of the single universe, H is 

some opera.tor. ( 1 ) js called the ·:/heeler-DeWitt equation. Fr om 

( 1) one can read-off in a symbolic form the action for the 

se cond-quantized free theory : 

So::: ~ (V) H-v (V) . (2; 

The integr ation (summation) over repeated arguments here 'and 

below is implied (it means taking the ace.lar product in t!-.e 

spe.ce of wave !uncti:ms o! first- q;.ia.ntized theory). Note tha t 

here and bGlOW V :i.n the argument means not only the COnlI'l~~t 

conn e c ted manifold V but alao the entire set of coordi nates 
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!--~---,.-------------
defining the state of the universe V, i.e. the configura~~on 

of the fields, etc. So, in (2) summation (integration) goes over 

all compact connected manifolds V and all the configurations of 

matter fields on them. We shall denote generally the whole set 

of fields on V by 'f • 
The complete action S .differs !rom this one by the terms, 

governing ·the interaction between different universes. It may 

be written in the general form: 

S = So + ~ l V1 , Ve.) 't' \ V1) 'fl ( V2) + 

~ ( V1 1 Vz, V3) 't' ( V1) 't' ( Vz) If l V3) + ... 

where again the sUll!IDation (integration) over the repeated 

a:rguments V1 , V2 , • • • is impl ied. 

(3) 

The first term in (J) describes the free propagation of thl 

single universe. The second term describes a process when 

1 .. u1iverse 1 transforms into the universe 2 with e.mpli tu.de 

Y (V, 1 Vz) • The third term describes a process cf splitting 

of one universe into two un:l.verses, or fusion of two universes 

into one tmiverse. The similar :l.nterpr~te.tion may . be gi.ven for 

the subsequent not written expl1ci tly terms in (J). 

As we have ment:l.oned aboYe, our aim is to find mainly the 

topological content of the action (J). '.Nlis means that we shall 

establish 1:1.t what topologies of V1 and Vi the interaction 

vertex ':I (V, 1 V2) is nonzero, e..>id "propose some answer for it, 

and ·the same for Y(V1 ,V2,Va) • We also claim that there are no 

further te1'Dl8 in (J). Now we turn to the principles by which · 

we shall find tho action (J). 
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We postulate the anawer for some quantities - propagator, 

for example, - and obtain the action (J) from the requirement 

that it must give the postulated form for those quantitiea when 

used in the functional integral. We shall pay attention only at 

the topo·logical aspects of all the constructions. 

We postulate the following form of the propagator in terma 

of the functional integral: 

) 

- SM(i:j) 
G(V1,V2)=-L. wM ~'fe 

M ,a M:: V1UVz 
(4) 

The sum in (4) is over all (d+1)-dimensional manifold.a M 

with a boundary consisting of V, and Va • Integration goes 

ov~r all field configurations ij on M such that they coincide 

on the boundary of M with given configurations: 'f1 on V1 a.nd 

l:!'a on V2 - ~I aM='f, on v, and 'f'2 on Vi • SM ia the ac-

tion for fields ~ • Cr)M are real numbera - the weigh't with 

which the manifold M is taken. · Ci>M depend.a only on topological 

clase of M. Evidently, one may eF.1.Sily generalize (4) for higher 

}reen functions. 

This choice is a simple and natural one. A similRr choice 

for the wave function of the ground state of the Universe is 

~dvocated in (13) • This choice ia in complete agreement with 

the answer for propagator in the string theory, where the aurn 

over manifolds M includee the manifold.a with e.rbi trary number 

of ha.ndlee. 

In this supposed ans~er for the propagator the sum over 

different (topologically) manifo] ds M connecting the ini t:i.al 

and final uni verses cannot r.m with arb:i trary weight c..:;M for 
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each topologically distinct manifold. These weights must be tht 

products of coupling constants entering in the classical action 

(J). 

In the string field theory the weight for the manifold _M 

(whi ch in this case is the sphere witn k handles and two disks 

cut o'..lt) is )..2.K , when ). · is coupling conetant of the string 

field theory. 

Before beginning the d.iscussion of (4) one may note the 

poaai.bili ty of the following, mere general approach. One n:ay 

try to find all poseible topological types of unj_verses V and 

correspondi!lb manifolds M in the representation (4) such, that 

the r.h.s. o f (4) could be obte.ined from some action like (3) 

with defi:lite interaction terms. One euch possibility is the. 

following: t~e manj.folds V are only d-dimension~l spheres, and 

permitted M are the manifolds, which arise when one takes a 

(d+1)-dimensfonal sphere with a number of d-dimensional disks 

removed !i!ld then glue the boundary of a niU!lber of (d+1)-dimen­

aional cylinders (without losing orientability) to the boundary 

of the3e disks. The boundary of auch a manifold coruiists of a . 
number of spheres (for propagator (4) one has to take this 

nWl!ber equal to twc). One cim readily see that propagator in 

auch a form "'-t'iaea from thP. action (6) below, whE:!re Vt are . 
now only the spheres, and only the first and the last terms in 

( 6) e.re taken. 

Express i on (4) represents the eornplete propagator of the 

theory in e firBt-quantized form. We suppoae that., ~a in all 

known ·theories, the samll quar1ti ty hae to appear as a "two-poin-1:" 

Gre~n: funct 5.on in the correspond.in,: ; e e cond-quantized theory. 

R 

,, 

I 

I 

.. ~ 

I 

In our case this s~cond-quantized theory is supposed to have 

acti on S (J). So, one expects: 

f S( '+') 
G ( V1 , Va) = l £> f 'fl ( v,) '+' ( V2) e 

Our olairo is that the deuired action S is given by the 

following expression: 

S"' So+~ ~K (V1, V2) 't'(V1)'V(V2) + 
K=cl.1d-l, ... ,a 

Od t V, 7 V2 1 V3) If'( V,) '+'( V2) '+'( V3) 1 
I ' 

where a.~(d+2)/2 ford even end a. ~(d+1)/2 ford odd. 

{~) 

(6) 

The meaning of vertexes OK is (in accord(Ulce with their 

notations) that an interaction occurs when some points of one 

or two universes co i nofda. The indox k denotes the dimensiona-

li ty of the subll!e.ni.fold (which always .will be a sphere, as 

discussed below) o:t the universe, which c.:0W1i11ts of theae 

points, 1.e. which "shrinks" to one pcint. 

The vortex "f:)K describes t~te "spherical recdnstruction" 

the l!lea!ling of which is that the mal"ifold{a) V1 i. > 1 

arises from the manifold V, by t he following procedure. Let us 
1(-1 

take aome sphere 5 ( K = 1 1 ... 7 l ) imbed.dsd :f.n V1 in such s 
K-f d.-1<+1 

way -chat it has a vicini t y homf' o!llo rphic to 5 x D 
cl-Ki· f 

D • The manifold. appea red Thau we remove the interior of 
K-1 d.-K 

has a bolmdary S x S The sernE- boWlda.ry has e. mnn:!. f < .ld 
DI< j( 5d-K , and we glue these twc manitoide over thfd r 

boundaries and obtain one or two (dependi~ or. k a.nd the el .o :l.ce 

of i nitial irnbeddirig of ephe r e 5 K-i , two :nanifoldu may 

appeA.r onl~· for k .. d) n.ew man~ f oid(e). 'l'hese are the bas j 



i.nteractiona :ln the field theo:.-y of universes, The precess of 

obtaining V~ , i. > 1 from V1 can be made continuous, and 

the (d+i )-dimensional manifold - the "trace" of this process -

is described below. 

The theory of spherical reconstructions was used for the 

first time in quantum gravity by A. Kocharyan [14) for describ-

ing a notion, which may be called "the space of all universes", 

tntroduced in (14] • 

The vertex OK is nonzero when there exists (d+1 )-dimen­

sional manifold MK obeying the following conditions: a) the 

arguments Vt of this vertex are the boundary of Mi< : a MK= 

v vi . b) MK is the standard cobordism of rank k. This last 
L 

condition means that MK is di!!eomorphic to the manifold 
1<-I d-K +f 

obtained by the following procedure. Let 'j': S ><D -V1 

be the imbedding. Let MK be the topological space obtained 

from ( V1 ll I 
])"'" Dct-K+1 

__. ( V1 ><I) 

(! = [O, 1] ) by gluing j_t with the manifold 
K-1 d-K+I 

through the manifold Im lf1 where ':f'1 : S >< D -+ 

ia given by (If 1 I) . By the standard pro-

cedure MK may be endued with the atructure of differentiable 

manifold and that ia the desired manifold MK • The boundary 

of MK is ClM =UV , where 
~ l 

l. = 1,2 er L =1,2,3. •rhese two 

cases differ in the following way: when we use the above proce-· 

du.re, we usually obtain the manifold MK with a boundary 

consisting of two pieces - initial manifold V1 and some "final" 

one Vz. , whereas in the case K"' d and when UBing the special 

imbedding lf (such, that i ·t dividea v,_ into two pieces), the 

boundary of MK may consist of three pieces. One mere note is 
' 

necessar~r in the ca.ae when bounde.ry of MK ccnaieto of two 
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pieces. In the above procedure the manifolds V1 and V2 ente:::­

aaymmetrically: we start from the V1 and obtain the other as 

a part of the bo1mdary of MK But actually MK are symmetric 

with respect to both components of their boundary in the fol­

lowing sense: the eame MK may be considered as obtained from 

the other component of its boundary by the same proced~re at 

K
1 = d- K and some imbedding 'f ( (16] 4.1 .2). This is the 

reason why only the half of the possible values of ~~ 

included in (6). 

are· 

Would we want to describe the "purely topological" field 

theory of (interacting) universes, i.e. the theory of the 

empty (eve12 without metric, i.e. gravitational field) universe, 

t.hill will be the end of the story - we may fj.nish the defini-

tion of vertexes by saying that when the arguments vi obey 

the above condi tiona the value of the vertex OK is en arbi 'ere.-

ry real number, depending on the topological class of Vi. 
The existence of different fields (gravitational, scalar, 

spinor, etc.) in the universe requires further definitions of 

OK 
Let's consider the manj.fold MK , defined above, the 

bcundary o! which is l.,l vi 
• 

• Remember thlit now on the bcundlir;., 

of MK a number of fields is defined. We suppose that one may 

define these fields on the whole MK in such a way the.t values 

of these fields on the botmdary cf Mw coincide v.i th that on 

Vt (it H is impossible, then 51\ is defined to be zero. 

Discussion of corresponding restrictions ou fields config~ra­

ti.ons for iNme caaes is given in Ref. (15]). Now 'Jne has to 

"shrink" the M~ in such a way that eventually we co!lle to the 
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situation when the boundaries of MK coincide. This means that 

the values of fields also have to coincide. The o -function of 

coincidence of the valuee of fields on VL is the vertex Ot< 

If this shrinking process could be carried out in different 

ways, a..J.d anawers would be different, then all these terms have 

to be included in the action. 

More exactly, instead of con.~idering this shrinking process 

one may use a theory cf Morse functions. It is known that en 

ma.;.ifold MK one may define a (Morse) function f which is a 

differentiable function with exactly one critical point, taking 

•ralues 0 on V1 and on VL i. > 1 [ 1 6, 17) • .Let C 

be the value of f i n that point. J,et's denote by M 11 the set 

of e.11 points ~ in MK with j(X)=O. It is ~own (16,17] 

th9t all M11 a. < C arc diffi;omcrphic to Vt , and Ma , a > c 

&re diffeomorphic to l,J vl I i, > 1 
~ 

, so the set U M.u 

V1 ><I is diffeomorphic to cylinder 

diffeomcrphic to cylinder ( U Vi) x I 
i.>1 

eu. c··E 
, a.;.d set U Ma 

Ill> c.+ t:: 
, for arbitrary small 

e > 0 • The set Mc is not a man.Hold. The points of Mc 

are in one-to-one corresponden~e both w1 th points of' V1 and 

points of .U V~ • This cor:respondence may be established oy 
~>1 

the arbitrary gre.dient like vector field [16 J , in particular 

is 

the gradj.ent fit!ld of J • The 5 -function of _coincidence of 

valu.es of fields 'f1 on V1 and '.fi on · Yi 

corresponding points, is the -vertex 6K (Vi) 

~ > i , in the 

So, the picture of intera0tion is the following: so:ne 

sphere of dimeruiionlll.i ty (k-1) i.n i.mi•;erse V ahrink:e to onP 

pcint a.--icl thf)n '.;his point extend.:! in "trans-veri>al dirPctiona" 

t o a s phare of dimenaionality (d-k) (k=1,2, ••• ,d) . As a res-...J.t 

1? 

the univeroe V tranaform.s into one or two other universe(s). 

J. The Main Statement 

Our claim is that these simple interactions ai·e sufficient 

and necessary to obtain, in perturbation theory o! (5), all 

possible manifolds in (4). 

Let's discuss this loat statement which is the main clai~ 

of this work. Of course, this clai.D:i is ncthill8 but a transla­

tion of the well-known mathematical facts into a physical 

language plus some hypotheses about theory (6), which (hypothe­

ses) essentially mes.n that the properties of that theory are 

similar to other known theories such as atrill8 field theory. 

In whet follows we shall consider the perturbation theory 

for the ection (6). As a free part of the action we ·take the 

first term in (6) (although it is not the only quadratic term 

in ( 6)) , and all the reroainL-rig terms will be conaidered as 

interaction vertexes. 

Firstly, we suppose that the first term in the action S 

(6) (i.e. its "free part") g:l.ves (through (5)) a free propa­

gator G
0 

, which may be represe:::ited as in (4) where now ·the 

BUill over manifold.a M includee only one te?'J:l - the ter.n whe:re 

M is a cylinder. Thie ia a completely :::iormal assumption which 

actuelly has to be correct after appropriate def'ini tiona of 

theory and functional integrsl (inclusion of' ghosts, etc.) • 

It raa.y also tw::'Il out to be already proved in some works on 

quantUill gravity. 

Now we must ta.~e into account the further te!'lllS in the 

pe1·tu:t."ba.tion theory expansion. 
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Let us cox:sider, !or exalllple, the correction tc the propa­

gator which arises when we take into account the vertex 

once: 

( So('+') 
5G(V1,V2 )= )£l'f'e 't'{V1)~(V2)0K °' 

I ,.- I I I I) Go(V1 1 Vt)vK(V, V2)G0 (V2,V2"" (7) 

\~11 esN, {If,~ SK (v,', v;) ~~~2 esN.{'f•> ."" ~£!if esMK<'!> 

where N1 o.nd N2 are cylinders (i.e. a:re dif!eomorphic to 

V1 x I and V2 l( I , respectively): 

aN1 =V,UV1

1
, aNi=VaUV2

1

, ~lv,=ifijv,=':f,, ~lv2 = ifa\v2 = f2 

and in the second and third lines of (7) integration goes over 

all the configurations of matter fields on N1 and Na • The 

last line of (7) is the desired answer - the te:nn in (4) with 

M=MK· 
O! course, Eq.(7) is but a symbolic o~e, it is nothing but 

reminder that the similar equation is correct in string field 

theory, and one may hope that its generalization (7) on higher 

dimensions can be made correct as well. 

Now, it is evident (on the same level o! strictness) that 

in high~r terms o! perturbation theGry the manifolds M arise, 

which are the result of gluing an <U"bi ',;rary number of ma.ni!olda 

MK with arbi t:i:•ary K in such s. way that the !inal manifold 

.ra has a boundt:iry a M = V~ U V2 • r·t rems.ins to uae the theorem 

in mathematics which reads that in such a way onP. may ootA.in r-in 
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arbitrary manifold K [16,17] • 

So, we give intuitive arguments that the action in the 

form (6) gives the propagator in the form (4) in the perturba­

tion theory expansion. Thi.a has been the main goe.l o! our work. 

Bow let's consider an example of the above theory at d•2. 

In this case all manifolds V are classified to be the sphere& 

with~ bandlea ( ~ • 0,1, ••• is ce.lled a gen\18 o! the mani-

fold V). How in (6) there enter three interaction terma obtained 

from the standard cobordi&DIB with indexes one and two. M1 con­

nects two manifolda V with genera ~ and ~' , I ~ - ~· 1 .. 1 , and 

02 enter in two terms. Firstly, it may cause the same effect 

am M1 - i.e. connects the manifolds with genera ~ and ~' , 

19- ~'I •1 (but in a different way - in the procese described 

by M1 , the zero-dimensional sphere 5° shrinlm to . one point 

end then thi.s point extends to one-dimensional. sphere 5 1 
, and 

in the second process the one-diaensional sphere 51 shr'...nlcs t c 

a point and then expanda to a zero-dimenaional sphere 5° ). 

This process tu.. place when the circle S 1 which shrinks to 

~ero doesn't divide V into two pieces. Otherwise, the second 

process cau.ed by Oa tak~a plaoe - the birth of one additional 

univel'lle. In tlrl.s latter cue Mi connects 1118lli!olds Vt , Vz 

and V3 havillg such genera ~ 1 , ~z , ~ 3 that the sum of two 

of ·them is equal to tlie third one. 

4. Wave Punction of tho Ground State of the Field 
Theory o! Interectizlg Universes 

One may easily general.i~e the He.rtl7 e.nd Hawking'• (13] 

wave function of the ground state of the Universe on the field 
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theory of universes. This may be done as follows. In the sub­

space of the previously discussed Fock space, consisting of the 

tenaor product of N spaces for one •.miverse, we define in ana­

logy with [13] the following functional: 

, r - SM(ij) 
lJ'N ( V1 'v2.' ... 'VN) = ~ l i) if e 

(8) 

H 

aM = U V-
1" 1 L I ~1Vt = ':f~ 

Here M runs over all compact connected manifclds with boundary 
H 

ClM = .u vi , and SMlif) is euclidean action on It! (i.e. the 
l:1 

metric ~l'v on M, '!l'hich . is the pert of fields ~ , has eucli-

dean ai.gnature). For N=1 "I'~ coincides with wave function of 

Hartly and Hawkings (131 

I am indebted to A. Kocharyazl: for many fruitful diecussionE 

on topology and quantum gravity. I am also indebted to Al. Ka-

valov, An. Kavalov and L. Zurabyan for discussions. 

.~. 
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