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Abstract - An account on the origins of cosnlic chaos and its physical iInpact in 

nil opcm nlld llltllt.il'ly eOlllU.'eile<l Hili V(ll'l4(~ iH p.;i V(IJ L A Iww typn of eOHll1ie evoilltion 

by topological defol'lllatio11S, ullf>l'cdictcd by Eill:-ltciu's cql.1atiolls, is pointed out. 

The chnol,kHy of t.lt(~ gnlncti<; w()rld~li1wH provid(~li a IlwdHl.llislll to create Lhe 

galactic eqllidiFitriblltioll. Global llwt.rienl clc{ol'1l1at,io1l8 of tJw opell aBd uluHiply 

(~Olllwcted Hpnedike~ slieeR illclt1(~n Hnglllar fll1ctuation:; in U1e tnllll'(~rnture of t.he 

lllicl'owu,ve hnekgl'ollwl. TIl<~y cnw·w lH1.cJuwat.t;(~riflg of d<'ci;rollHl.grwt.k fielelH a,IHl 

particle creation in <ltlnlltulll fields. 'rIle topological IlIicro structure 'of space-tilIlC 
I 

provides a lnccha,nislll for CP viola.tion by self-interference. 

I 

Our cOlltclllporary ttlld(~rstall(lil1g of the global Htructurc of th:e Universe is 

based 011 the tlsstullptioll of a space-titHe coutiutHllll, a curveu four-uiulCllsionul 
I 

world. The observa.tional evidence for this is actually scarce, but it, offers ut allY 

rate a v~ry siInple qualitative' explanation of the cosrnic red-shifts.: The second 

lliotivatioll to ulodc! the Uuivcrsc as a Ilienw.llUiu,ll four-Illullifold is the succcssful 

avplicatioJl of n.iClllH.lluiall geoluel,ry ill explailliug plal1etal'Y pcriheliou shifts, and 

t.ho ddl(~eti()ll of light by gl'lI.vitnf,illg hodie'A. T]wllC~ nJ'(' loeal plJC'IH)UWJJa, wlJielt caa 

he explnill(~d by iut,l'odlleiug a Ilieuw.1luiall llwtrie OIl a Hiugle c()-()rdiI~a.te chart. III 

COHlllology, however, we a.re eOllcerlled with the global structurc, with l thc topology 
I 

of t,he rOll l" Illfilli {'old [1 ~:) ]I I 

III lo(~nl pr()bl(~iuH of gmwrn.l relat.ivity, Oil a siugl(! co.ol'dillH,Fc chart, Eillsteill'S 

(\quntiollii C:()l11i>lc~(,('ly clC{'Cl'lllillC t.he eVOltltioll of tbe lIlOi;l'k, oIled tIw eIWl'gy­

11lOlllcnttull tcnsor of tl1c local gl'(l.vi tntiollal HotU'ccs iH knowIl. III COSIllology we 

hnve to ('oJl:-lidel' I,J1(' (wolutiou of t,lw lIwt.rie II.S wdl il.fi (;ile (!1wZ,tttion of lIld: to]wlOfJ1J 

of HpHe(~M t. i111<'. I~~iw;l,(\i \) 'H ('q tlHl.iow-I ('('rt.nil IIy do Jlol. I'~i Vn allY 11 iul; on t.1w topology, 

(1'1<1 the cvolnt.ioll of tIie lllct;ric is likewise t11H.lctenuiued, because we do not really 
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know the cllcrgy-luolllCllhull tCllsor of thc Inatter distribution in thc Univcrsc, nor 

the boundary conditions to be imposed. It is in lny opinion pointless to hunt for 

cltu~ivc 1(1,'0)" of (~(mlllie nvo]ttLiol1, Uw uioddi1Jg (~ull'loyc:d iu Htldl (~l1d(:ILV()n" iH 'LlwuYH 

copic~ frolll fiuite classical or qllantulll systellls, and therc is no rcason to aSSUlUC 
I 

that tlw UniVel'He is It fillitc Iln,luiltuuiall .systclll like allY other. f.. IlltlclI 1I1orc 

Pl'Olllisillg approach to ~osl11ology is to figure out po,s8ibilitic,s of cos~llic evolution, 

and to t.hink over which local physical manifestations they can have.: 
I 

The aetual (lllcHtioJl is Hot so 11l'H~h what if! HIe topology, lnlt rather how docs 

it, evolve, be(~a\1H(~ oUWl'wise it is difIiellH t.o lllotivatie why the 3-sp(1(~e should have 

:U~(lldl'(~d, 011(~(~ alld for 11.11, n partklllnr ty pc of topology and uwtt:j(~. WJw,t we 

will advocate lH:re iH tt COBlllOlogy with alJ open t1tl'CC-Sl'lLCC that evql ves by global 

llwtl'!cal defol'l11atiollS, whieh CUll give risc to transitions frotn one topology to 

HlJoLilCl' (l~xtelld(~d H,()bertH()ll~Walkpl' (HW) COHlllology [1~'7]). Vid do not know . 
the prescnt; topology of the Universe, all(l so we have to COlltCllt o\usdves to figure 

out possible physical cfrects of a llntltiply COlllwcted t9pology. IIi Sec. III we 
i

will revh~w HOllIe local 1I1allifestatiolls of the global 3"Hpa(~e topology, but at first I 

ol1tlille H. cOSlui<: (~volt1ti()ll which goes far beyoud tIle usual sealing of the length
II 

HUit, iu 1.1'11.( titioll:d H.oI )(~rtHOU~ Wu.lJWl' eOrHJlOlogy. 

II. TOPOLOGICAL EVOLU'rION BY GLOBAL METRICAL 

DEFOllMA'l'lON'S 011' 'rIlE 3..SPACE 
-

In Refs. [4-7] a cosmology was introduced in which the 3-space is negatively 

C1t1'1JCti, open, auel topologically rn1dtilJly connected. These three conditions allow 

lopologieal cvolution by global defol'luatiollfL 'rlw llcgatively curved spacclike slices 

11Ulst on oPPll Ulld lI'11lLiply (~OlllleCI.('.d, otlwrwiHc tlH!Y eauuot IH! defol'1ucd without 

dcstroyiug the eOllstaut curvature. Thc negative curvature (local hypcrbolieity) is 

ncccfisnry to rnake t.l\C vvorld-lincs ullstablc, and t.he H1111tipJe c.onncctivity can trap 

(JWIU alld eOUfilH! t.o n {j Ili \;c l'(~~i()ll, t.he chao tic 1I:lu:lf!'Il.'f of tlw open 3-Hp(U~(!. TldH 

eOllfiuellwllt., aud f.1w loeal hyperholidty rcuders wodcl-liucH dw,otie. The si~e of 
• • I 

thc llucleus depcudH 011 the cxpansioll factor aud, above all, 011 the topology of thc 

:l-ulken. 

ChauticiLy IS au cHicicut Inechauislll to create all cquidistribution, but the 

aetuul pl'obl('ul i:t 1.0 (~xplnil1 tilo jl1110JuoJ.;(!l1dt,j(~H ill I.Iw gaJH,eI.ie clisl,ri/'lltioU. The 

LillIe evolutioll of Ute world-liues dcpcu<ls 011 tlIc (~xpallsiolI aud 011 the global 
~ , 

defol'IllatiOllS t.hat ClIp :3-space llllclerp;o(,H. COll(:('1'(,s lik(~ ulixiug (~.l1d c!rp;odicity, 

whidl HJ'P (~()IlIIlI()ldy IIIl('d ill ,lfHlllill.olliHII dYII:tIlJinl 1.0 d(':wriIH~ tlw c1q~n!(! of 
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chaoticity [8,9J, do not reflect the time evolution of the system. They are based 

on the geometric shapes of trajectories of infinite length. Here the question is 

what happens in finite times, ~d with world-lines of finite length [4,7]. Regular 

trajectories entering the chaotic center of the three-space are shadowed by chaotic 

ones, before they ultilnately diffuse out of the center into the open 3-space. The 

luixing in the center tends to create a uniform distribution, but inhomogeneities 

will always remain in a finite time [10J. 

The center of the multiply connected three-space is geometrically determined 

by the convex hull of the limit set of the covering group, its explicit construction is 

a matter of elementary geometry [20). Regular trajectories are shadowed by chaotic 

ones whenever their covering geodesics have initial or terminal points close to the 

limit set. 

The multiple connectivity; of the open 3-space provides a. new type of cO.8mic 

evolution by global metrical deformations. 'Global' means here a. deformation which 

does not locally change the curvature of the 3-space. Two spacelike sections which 

have the same topology and constant curvature (ap~t from a trivial rescaling by 

the expansion factor) may be globally, as 3-manifolds, non-isometric .. H the 3-space 

is open and multiply connected, it can be endowed with a variety of metrics, all 

giving rise to the same constant curvature. These metrics can be labeled by a 

finite number of independent parameters, the dimension of this parameter space 

depends on the topology of the spacelike slices. The line element of the extended 

RW cosmology is ds2 = -c2dt2 + a2(t)gjj(y(t),x)dx i dx j . Here gij(Yt, ... ,Yn,x) 
denotes a continuous family of hyperbolic metrics of constant negative curvature 

-1. The parameters Yk may be chosen to vary in a compact domain of Rn . The 

evolution of the spacelike slices is characterized by a time dependent path y(t) in 

this n-dimensional deforma.tion space, and by the expansion factor a(t) . If the path 

y(t) reaches the boundary of the deformation space, a topology change occurs, the 

connectivity of the 3-space can change, or it may even disintegrate, leaving behind 

cusp singularitiefi on its newl~' emerging components. The curvature of the 3-space 

stays constant (apart of the mentioned rescaling) during the whole deformation 

process. For an exactly solvable example of a:global deformation see Refs. [11,6). 

Remark: In Ref. [12} we considered local distortions of the constantly curved 3­

space geometry by gravitational waves. Constant curvature is not really necessary 

for the.evolution mechanism described here, it just ensures that this topological 

evolution does not occur at the expense of creating large local inhomogeneities in 

the curvature. H the 3-spa.ce metric is uniformly close to a metric of constant 
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negative curva.ture it will stay so during a global deformation. 

The topology, the dynamics induced by it via global deformations, and the 

resulting topology changes are not predictable by Einstein's equations, which 

nevertheless impose restrictions on the speed and size of global deformations, 

because the energy and pressure densities defined by the Einstein tensor nlust stay 

positive. 

III. 	PHYSICAL MANIFESTATIONS OF THE TOPOLOGICAL 3­

SPACE STRUCTURE 

Objections against open cosmologies are sometimes based on the argumen t that 

we will not be able to look at infinity and to verify what is happening there. What 

is overlooked here is that the topological structure of the 3-space can manifest itself 

locally. We will give now some examples. I also mention here that an entirely 

different approach to the problem of "how to look at infinity" in an open universe 

was suggested in Ref. [10], where tachyonic (Le. superluminal [13,14]) signal transfer 

is considered in the comoving galactic frame of reference. 

Angular fluctuation., in the temperature of the microwave background radiation 

[15,16]: If one studies the impact of global deformations of the open 3-space on the . 
free photon gas [4], one has to take two time scales into account: cosmic time as 

defined by the expansion factor, and the time scale on which the deformations take 

place. The latter is determined by the time parametrization of the path yet), which 

determines the metric on the spacelike sections. Only if the scale on which noticeable 

variations of gij(y(t), x) occur is much larger than the time scale determined by the 

expansion factor, one has a really uniform expansion. 

An adiabatic variation of gij(y(t),x) on the time scale of the cosmic expansion 

leads to a small analytic distortion of the free photon wave vectors, which results 

in slightly angular dependent frequency shifts. These shifts can be absorbed in the 

Planck distribution by introducing an angular dependent temperature variable. 

Particle creation in quantum field., and back.,cattering of electromagnetic 

radiation [4,6J: In simply connected Robertson-Walker cosmologies the variation 

of the expansion factor leads to particle crr-:.Hon. However, this cannot happen 

in neutrino or electromagnetic fields, because in the solutions of the corresponding 

wave equations the expansion fa.ctor scales out with a simple power law. But global 

metrical deformations of the 3-space do create particles and backscattering even in 

conformally coupled fields. The point here is that during a deformation the wave 

equation is not time separable, and a wave initially composed of positive frequencies 
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will acquire negative frequency modes. So antiparticles emerge in quantum fields, 

and backscattered wave trains in classical fields. 

Topological CP violation by ,elf-interlerence: The reasons for CP violation 

are as yet not really understood. This is so despite, or perhaps, because this 

extraordinary phenomenon could be easily incorporated into particle p}:lysics by 

adding symmetry breaking interactions to the Lagrangians. The space-reflection 

symmetry is of course always present in classical mechanics, its violation is a pure 

quantum effect [17]. In Ref. [4] it was therefore suggested to explain parity violation 

as a topological interference phenomenon, by adopting Weyl's idea to associate 

elementary particles with topological excitations of the 3-space [18,19]. A space­

reflected wave can wrap around a microscopic geodesic loop, and this causes self­

interference [11], which destroys the anti-unitarity of the parity operator. Thus 

parity is a broken symmetry already on the level of free wave equations. Some open 

research problems in extended RW cosmology are outlined in Ref. [10]. 

I have tried to show here that the topology and the topological dynamics of 

an open universe may have very concrete physical manifestations, and that the 

topology of space-time is a dynamical object, able to evolve like the metric in local 

problems of general relativity. 
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