
BM-783(I0)-85

ЦЕНТРАЛЬНЫЙ НАУЧНО-ИССЛЕДОВАТЕЛЬСКИЙ ИНСТИТУТ

ИНФОРМАЦИИ И ТЕХНИКО-ЭКОНОМИЧЕСКИХ ИССЛЕДОВАНИЙ

ПО АТОМНОЙ НАУКЕ И ТЕХНИКЕ

R.L. MKRTCHYAN

TOPOLOGICAL ASPECTS OF THE BIRTH OF THE UNIVERSE

EPEBAH-1985



Центральный научно-исследовательский институт информации
и технико-экономических исследований по атомной науке
и технике (ЦН>;Иатоминфорн) 1935г.



Ш-7БЗ(Ю)-63

R.L. MKRTCHYAN

TOPOLOGICAL ASPECTS OF THE BIRTH OF THE UNIVERSE

it is notea tnat in Hartly-hawking's approach to the calculation of the

universe birth amplitude there are topological restrictions on the properties

of born Universe and natter fields 1n It. These restrictions are obtained 1n

explicit form in particular cases. The possible consequence 1s the statement

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

baryon number violating interactions.
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Отмечено, что в подходе Хартли-Хокинга есть топологические

ограничения на свойства рождающейся Вселенной и полей материи

в ней. Ограничения явно получены в частных случаях. Возможным

следствием является утверждение, что барионный заряд Вселенной

был бы равен нуле в отсутствие несохраннющнх барионное число

взаимодействий.

Ереванский физический институт

Ереван 1985



1. One of the principle problems of cosmology attracting recently great

attention 1s the problem of the quantum birth of the Universe [l-4] . In the

works of Hartly and Hawking [ l , 2 ] (see also [ 3 , 4 ] ) there was given the de-

f i n i t i o n of the amplitude of the Universe tunneling "from nothing" (or accord-

ing to [ 1 , 2 ] the wave function of the ground state of the Universe) based

on tne Feynman functional integral 1n Euclidean regime. In the following ve

shall consider only the case of closed Universe with comoact connected

space-Hke section V

Tne amplitude 4* ( V, h L ; , < f ) of the birth of the Universe V

with metric h^j and configuration у of matter f ie lds on V 1s

given according to [ l , 2 ] by the functional integral

<?) - (1)

The summation (Integration) goes over al l compact Rfemannian manifolds

И . the boundary of which 1s V ( 9 M = V ) , over al l metrics

such that the Induced metric on V coincides with h;,; , and over a l l

regular on M metter fields if , which coincide with «f on V :

if | v = <f .' I C ^ U , У ) Is the Euclidean action [ 1 , 3 , 4 ] , the pre-

cise fom,of which is Inessential for us.
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In this work we shall study only the topoiogical aspects of (1) assuminq

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
> h y , У )» do ( M , ^ , у ) satisfying the conditions 1n the

definition (1) exist? In other words, the question under study 1s: for

which Universes ( V, hjr , у ) the amplitude of their creation "from

nothing" is nonzero?

2. Firstly, let's discard variables Ьц , У , < ^ , <f and con-

sider the question: when, at given manifold V -, does manifold M exist,

whose boundary is V ( Э М = 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 zero".

Let's consider now the most interesting case: V 1s three-dimensional

{and closed, i.e. compact and without boundary), and do not restrict the

orientability of V and M .

Then, as was noted in [l] , 1t is known that

&) Any V Is the boundary, i.e. for any three-dimensional closed manifold

V there exists four-dimensional one M with boundary, diffeomorphic

to V : ЭМ= V [6].

не 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 [б] is also important:

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

All these means that 1n 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 Is 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 is a direct product

V - V
3
 * V

n
 of two closed manifolds, three-dimensional V

3
 and

n-dimensional V
n
 (with small radius), the situation 1s trivial, i.e.

there are no topological restrictions on the birth of such Universe V

This follows from the statements

b) Any V= V
3
 * V'

n
 is the boundary.

b') Any orientable V
 =
 V$ * 4? ^

s
 ^

e
 boundary of some orientable

manifold.

b) and b
1
} follow directly from a) and a

1
) : let V3 be the boundary

of M ( Э М = V3 ), then М * У „ has the boundary V
3
 * Vn

So V may not be the boundary, only if the relation V - V3 * V
n

holds locally, not globally, or 1n other words, V is non-tr1v1al fiber

oundle over base V3 with the fiber V
n
 .

4. Non-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 1n which fields <f(x) take va-

lues at each X by ф , so у 1s the mapping of V Into ф

The general Idea 1s that in this situation the amplitude (1) may be

nonzero only 1f there exist manifolds M such that the mapping of their

boundary у : V = 3 M ~ * - ф may be extended continuously to the mappino

^: M ~*" Ф of the entire manifold M into Ф . Generally speak-

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



its generality, rather we shall solve 1t 1n the particular case, which may

be Interesting by itself.

Let the Universe V be S , - the three-dimensional sphere. By the

fields у we take fields п , taking their value in the group manifold

G , I.e. Ф = Qt . For definiteness we take Q * SU{2) or SU(3).

Such fields Q arise 1n the supergravity theories and also in the effective

cniral lagrangian of QCD [7,8j . The mappings a ; V~S3~~G fall Into

uomotopic classes characterized by one Integer a , which we shall call

solitonic charge. In the works [7,8] 1t Is argued that solitons of the

effective chiral lagrangian of QPD are baryons, so in that case n 1s ba-

ryonic charge.

Let also M 1n (1) be the orientable manifolds. Then the followino

statement may be proved:

c) The manifold M and the mapping Q : M-*"G satisfying conditions

in (1) (i.e. 8 M = S
4
 . Q J_ = a ) exist Iff the solitonic charge

of the mapping a: dM = S
3
~~ Gr 1s equal to zero.

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

In the nonorientabie case one may prove the similar statement c') which

differs from c) only in that solitonic number must be taken modulo two.

Hence, if one applies c) to the solitonic model of baryons [7,83 end

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 1s that all

baryonic asymmetry of the Universe 1s due to baryon number violating Inter-

actions.

5. It 1s worth noting the following principle possibility. Let topolo-

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



Universe ( V , htj , tf
1 ) (for example, in the model of sect.4 Q

has nonzero soli tonic charge). Nevertheless, one may show easily that such

Universe may be born together with the "sister" - some other Universe
2 2 3

( V t h y , <f ), whose topology is correlated with the topoloqy of

( Vit b y ; y 1 ) (1n the example - the solitonic charqe of the second

universe 1s opposite to the charge of the first one).

The amplitude of simultaneous birth of the two universes is also qiven by

(1) [l] , where M has to be a connected manifold whose boundary

consists of two pieces V^ and Vg • Estimates [l] show that such am-

plitudes are relatively small.

The author is indebted to Asatryan H.M., Gurzadyan V.G., f'atinyan S.G.

and Khudaverdyan O.M. for the interest in this work and discussions.
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