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it is notea tnat in Hartiy-hawking's approach to the calculation of the
universe birth amplitude there are topological restrictions on the properties
of born Universe and matter fields in it. These restrictions are obtained 1in
explicit form in particular cases. The possible conseaquence is the statement

that the baryon charge of our Universe would be zerc in the absence of the

baryon number vioclating interactions.
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TOIOJOTVYECKUE ACLIEKTH PORNEHWA BCEMEHHON

OrMedeHo, 4TO B nomxome XapTau-XOKHHI'a €CTH TOHOJOTHIECKHe
OrpaHMJYeHHA Ha cBoitcTea poxmammeiica Bcesenno# m nojse# marepmy
B Heft. OrpaHMvYeHMs ABRHO NMOJNYYEHH B 9YACTHHX CJydasfX. BOSMOXHHM
CIeHICTBHEM ABIAETCA yTBEDRIeHHMe, 49TO CapmoHHHE 3apAn BcexenHo#
OHJ OH paBeH HyJD B OTCYTCTENE HeCOXPaHHDIEX CApHOHHOE YACTIO
13aEMomeicTERit.
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1. One of the principle problems of cosmology attracting recently great
attention is the problem of the quantum birth of the Universe [1-4] . In the
works of Hartiy and Hawking [1,2] (see also [3,4] ) there was given the de-
finition of the amplitude of the Universe tunneling “"from nothina" (or accorr-
ing to [1,2] the wave function of the ground state of the Universe) based
on tne Feynman functional integral in Euclidean regime. In the following we
shall consider only the case of closed Universe with comoact connected
space-1ike section \/

Tne amplitude ¥ (V, hy;, @)  of the birth of the Universe V
with metric hi.j and configuration ¢ of matter fields on V is

given according to [1,2] by the functional integral
_ - =I(gpe, P)
Y (V) ht‘j )Lj?)— % S“Dﬂyo ﬁtfe

The summation {({integration) goes over all compact Riemannian manifolds
M . the boundary of which is V(9M = V) , over all metrics g,
such that the induced metric on V  coincides with htj » and over all
regular on M metter fields L-_f » which coincide with Y on V
q’ lv = 2 I(g’w ,'f) is the Euciidean action [1,3,4] , the pre-
cise form. of which is inessential. for us.
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In this work we shall study only the topological aspects of {1) assuming
validity of our conclusions also after precise definition of r.h.s. of (1).
To be more concrete, we shall study the question: when, at given
( V,hij, ¥ )ido ( M, G, ¢ ) satisfying the conditions in the
aefinition (1) exist? In other words, the question under study is: for
which Universes ( V, h«‘.j ,¥Y ) the amplitude of their creation “from

nothing” is nonzero?

2. Firstly, let's discard varfables hy; , ¥ . g, » § and con-
sider the question: when, at given manifold V , does manifold M exist,
whose boundary is V ( dM=V ) ? This problem, in different variat-
ions, is the main problem of the theory of cobordisms {see, e.g. [5] ). In
the case when such M exists, manifold V  is said to be boundary or
“V is bordant to zera".

Let's consider now the most interesting case: V' 15 three-dimensional
{and -losed, i.e. compact and without boundary), and do not restrict the
orientability of V and M .

Then, as was noted in [1] . 1t is known that
a) Any V 1is the boundary, i.e. for any three-dimensional closed manifold
V there exists four-dimensional one M with boundary, diffeomorphic
to V : oM=V [61.

We may assume that for orientable V' the main (or maybe the only)
contribution in (1) comes from the orientable ™M . Then, the following
statement of [6] 1s also important:

a') Any orientable V is the boundary of orientable manifold M .

A1l these means that in both cases there may be born the Universe V/

with arbitrary topology.



3. The problem becomes more interesting when considering the Kaluza-
Klein theories. In that case, dimension of V  1is greater than three -
up to ten, provided one considers only supergravity theories. In higher di-
mensions there exist manifolds which are not boundaries.

But in the most widely considered case, when V s a direct product

V=V; XV, of tw closed manifolds, three-dimensional V; and

n-dimensional Vn (with small radius), the situation is trivial, i.e.
there are no topological restrictions on the birth of such universe V
This follows from the statements
b) Any V=V3xV, is the boundary.
b') Any orientable V= V;*V, is the boundary of some orientable
manifold,

b) and b') follow airectly from a) and a'): let V3 be the boundary
of M ( aM=V; ), then M=V, has the boundary V3* Vn

So V  may not be the boundary, only if the relation V = V3 X Vn
holds locally, not globaily, or in other words, V  is non-trivial fiber

oundie over base Vi with the fiber V,

4. tHon-trivial restrictions arise when considering the amplitude (1)
of the birth of the Universe with given configuration of the matter fields
¥
In the following we denote the space in which fields 50(:::) take va-
lues at each & by @ ,so ¢ is the mapping of V dinto P .
The general idea is that in this situation the amplitude (1) may be
nonzero only if there exist manifolds M  such that the mapping of their
boundary  : V=dM— ¢ may be extended continuously to the mapping

$: M=o of the entire manifold M 1into P . Generally speak-

ing, it may not be the case. Here we shall not consider this problem in all



its generality. rather we shall solve it in the particular case, which may
be interesting by itself,

Let the Universe V  be 553 - the three-dimensional sphere. By the
fields ¢ we take fields g taking their value in the group manifold
G ,i.e. P=@G . For definiteness we take G = SU(2) or SU(3).
Such fields 3 arise in the supergravity theories and also in the effective
cniral lagrangian of Q¢D [7,8] . The mappings 9: V=8;—G fall into
nomotopic classes characterized by one integer 1, which we shall call
solitonic charge. In the works [7,8] it is argued that solitons of the
effective chiral lagrangian of QD are baryons, so in that case n 1is ba-
ryonic charge.

Let also M  in (1) be the orientable manifolds. Then the followina
statement may be proved:

c) The manifold M and the mapping g: M- G satisfying conditions
in (1) {i.e. dM=S; , giss= g9 ) exist 1ff the solitonic charge
of the mapping 9: IM=§; — G 1s equal to zero.

In other words, only the Universe with zero solitonic charce may be born.

In the nonorientable case one may prove the similar statement c¢') which
differs from ¢) only in that solitonic number must be taken modulo two.

hence, if one applies c) to the solitonic model of baryons [7,8] and
disregards the baryon-number violating interactions, then it follows that
tne baryonic charge of the Universe must be zero.

Looking at the matter the other way round, the conclusion is that all
baryonic asymmetry of the Universe s due to baryon number violating inter-

actions.

5. It is worth noting the following princinle possibility. Let topolo-

gical considerations, similar to the above one, forbid the birth of the



Universe ( \/1, h;j, ef’ ) (for example, in the model of sect.4 g
has nonzero solitonic charge). Nevertheless, one may show easily that such
Universe may be born together with the "sister" - some other Universe
( Va, hfj ) 502 )}, whose topology 1s correlated with the topoloay of
(v’ hzd ) g?’ ) (in the example - the solitonic charae of the second
universe 1s opposite to the charge of the first ore).

The amplitude of simultaneous birth of the two universes 1s alsc qiven by
(1) [1], where M  has to be a connected manifold whose toundary
consists of two pieces V; and V, . Estimates [1] show that such am-

plitudes are relatively small,

The author is indebted to Asatryan H.M., Gurzadyan V.G., Matinyan S.6G.

and Khudaverdyan 0.M. for the interest in this work and discussions,
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