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ABSTRACT

Many fundamental questions concerning the space-time and

matter are asked and answered in "prephysics", a new line of

physics (or philosophy but not metaphysics). They include the

following: 1) "Why is our space-time of 4 dimensions?",

2) "What is the ultimate form of matter?" and 3) "How was our

universe created?".

*An essay presented in honor of the 60th birthday of E. S.
Fradkin, to be published in "Quantum Field Theories and
Quantum Statistics", edited by I.A. Batalin and G.A. Vilkovisky
(Adam Hilger Ltd., 1985).



I. INTRODUCTION

Why is our space-time of 4 dimensions? What is the ultimate

form of matter? How was our universe created? Many fundamental

questions concerning the space-time and matter such as these seen

to have been raised many many times in the history of physics (or

philosophy). Some people might take these questions as metaphys-

ical while others might do as physical. Reviewing the recent

remarkable progress in physics and astronomy, it seems that: the

time has come when we should take these questions seriously as

semi-physical or "prephysical" and try to find their answers. In

this essay, I shall make a list of such fundamental questions and

try to answer each one of them in "prephysics", a new line of

physics (or philosophy but not metaphysics) in which some basic

assumptions taken as sacred ones in ordinary physics are to be

reasoned.

II. THE SPACE-TIME

What is the space-time? This is the first question to be

answered. Usually in ordinary physics, the space-time is defined

as a place or domain where "motion" occurs. What is "motion",

then? It seems impossible to define "motion" without referring

to the space-time. I shall, therefore, abondon such a tautologi-

cal definition of the space-time and, instead, adopt the follow-

ing simple definition: the space-time is a place or domain where

the space-time metric, g y(x>, is non-vanishing and finite, i.e.

g, (x) * 0 and | g, (xlj < «> for p,v = 0 ,1 , 2 , • • • ,N-1, (I)



in a mathematical manifold of the space-time coordinates of N

dimensions, (x^). Here, the space-time metric is defined, as

usual in Riemannian geometry, as a function of the space-time

coordinates which determines a distance, ds, between two points,

(x^) and (x^+dx^), in the following relation:

ds 2 = g y v(x)dx
Mdx U. (2)

Then, well-defined is the second question to be addressed,

"Why is our space-time of 4 dimensions?". There are the follow-

ing two paradigms in whicn an answer to this question will be

provided: 1) spontaneous "solidification" of the indefinite

dimensional space-time and 2) induced "liquidization" of the

definite dimensional one. A very long time ago, the space-time

of dimensions higher than 4 was hypothesized by Kaluza (1921) and

Klein (1926) and very much later revived by many others (Cho and

Freund, 1975, etc.) in their supergrand unified theory of all

elementary particle forces. A possible compactification of the

space-time of N dimensions (N>4) into that of 4 dimensions was

also discussed there. However, the reason why the original

space-time is a_ priori of N dimensions has never been presented.

In the possibility 1 ) , I assert that since there is no

reason why the space^time; is £ priori of a definite number of

dimensions, it may be of indefinite dimensions. In other words,

the dimension of the space-time, N, may also be a "dynamical"

variable. If this is the case, the Einstein theory of general

relativity for gravity in 4-dimensional Riemannian geometry may



be extended to a theory in vhich the action integral is given by

cld nx/=gR (3)

in n-dimensional Riemannian geometry. Here, g = det ĝ  , c is a

"dimensional coefficient" of the (mass)n dimension and R is the

Riemannian scalar curvature. As other ordinary dynamical vari-

ables, the number of dimensions of our space-time, N, may

therefore be determined either by the "Hamilton principle" of

«nI = 0 for n = N (4)

or by minimizing the "space-time potential" a.s

-1 = min for n = N. (5)

Although the dimensional coefficients, c 's, are all unknown

except for the only one,

where G is the Newtonian gravitational constant, the simplest

possible and non-trivial example for them is given by

Hn-4
cn =

where M is a constant of the mass dimension.

Furthermore, suppose the simplest possible cases for the

topology and other properties of the space-time. The first

example for such cases is *-.he closed, static, uniform,



homogeneous and spherically symmetric n-dimensional space-time

(or universe), which is described in the generalized

Robertson-Walker metric of

ds2 = dt2 - E?2fdr2/ (I-r2)+r2dr22_1J for 0 <. r 1 1 (8)

where R is the "constant radius" of the universe and ft , is the-— n-1

"solid angle" of the (n-1) dimensional space (dft~ = d8 +

sin 9dai ) . Then,

g = -1, R = 6/R2 and /dnx = jr1/2Rn/T(l + £) . (9)

Therefore, the action integral (3) can be calculated to become a

simple form of

8GM2r(l + |) .
(10)

-I
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FIG.l. The space-time potential, -I as a function
of the space-time dimension, n, for various
values of the parameter, a.



In Fig. 1, this space-time potential, -I, is illustrated as a

function of the space-time dimension, n, for various values of

the parameter, a, defined by

a = TT1//2MR . (11)

As is seen in this figure, for a-il there exists a stable ground

state of the space-time with the non-vanishing and finite dimen-

sions, i.e. Nil while otherwise there exists none.

The second example is the closed, static, uniform, homogene-

ous and circularly symmetric (the radius L) n-dimensional

space-time (or universe), which is described in the metric of

ds2 = L2(d82 - I d92) for 0 <_ 6y < 2ir . (12)

Then,

g = -1, R = i and /dnx = (2?rL)n . (13)

IT

Therefore, the action integral (3) can be calculated to become

another simple form of

4GM2

In this case, the space-time potential, -I, becomes minimum at

n=0 for b<l and at n = °> for b>l where b = ML while it does not

depend on n for b = 0.

What can be deduced from these two examples is that the

dimension of the space-time may also depend on the topology and



other properties of the space-time. If this is the case and if

the space-time (or universe) were in the quantum state as has

been claimed by Hartle and Hawking (1983), we might have to worry

about not only a disastrous phase transition of our universe from

the present topology to a different topology, which has been

discussed lately by DeWitt (1985) , but also an even more

disastrous phase transition of our universe from the present 4-

dimensional space-time to a new dimensional one. How to explain

the stability of our universe against such a phase transition

into an infinite number of possible states not only with a

different topology but also with a different dimension would

become even more difficult and almost impossible.

In the possibility 2), I assert that since the space-time

metric is made of some fundamental matters, it may be of the

definite dimension?. Many years ago, Phillips (1966) proposed to

take the gravitational field as a Nambu-Goldstone boson, by

following Bjorken (1963, Bialynicki-Birula 1963, Guralnik 1964)

who had taken the electromagnetic field as a Nambu-Goldstone

boson, much influenced by the unified spinor model of Nambu and

Jona-Lasinio (1961) for all hadrons. A year later, Sakharov

(1967a) proposed to take gravity as a quantum effect of matters.

He even sketched how the Lagrangian of the Riemannian scalar

curvature in Einstein's general relativity theory of gravity

would be reproduced as an effective Lagrangian nt low energies.

Following Sakharov, many people (Ohani.-.n 1969, Atkatz 1972, Diirr

1973, Adler 1976, 1980a,b, Adler et al. 1976, Terazawa,

Chikashige, Akama and Matsuki 1977, Terazawa 1977a, 1980a,b,c,



1983a,b,c, 1984a,b, 1985a,b, Akama et al. 1978, Akama 1978, 1981,

Terazawa and Akama 1980a,b, Hasslacher and Mottola 1980, Zee

1981, Akama and Terazawa 1983) have investigated such theories of

"pregeometry", named by Misner, Thorne and Wheeler (1973), as are

more fundamental than Einstein's general relativity theory of

gravity in Riemannian geometry, in which the latter theory can be

reproduced as an effective theory at low energies. In fact, we

(Akama et al. 1978) have proposed a simple field theoretical

model for pregeometry and first demonstrated that the remarkable

idea of Sakharov is really working.

If pregeoir.etry is right, all the properties of the space-

time may be attributed to those of the matters. In other words,

"the matters come first and then the space-time does". In fact,

in scalar pregeometry, the simplest possible model of

pregeometry, whose Lagrangian is given by

L = F[-detO <fia3v<t>
a) ]1/2, (15)

the space-time metric may be taken as the following vacuum expec-

tation value of the operator-product of fundamental scalar

fields, *a (a=0,l,2,-••,A-1):

gyv<x) = FOy<p
a(x)3u*

a(x)>0 for M,v = 0,1,2,•••,n-l (16)

— 4
where F is a constant of the (mass) dimension. The dimension

of the space-time is determined by the condensation of the

fundamental fields as



(x)>Q ? 0 for y,v = 0 ,1,2 , • • • ,N-1, (17)

and, therefore, dependent of the unknown dynamics of the funda-

mental fields. However, it may be that the more exist the funda-

mental field:.,, the more would appear the space-time dimensions.

A similar conjecture has already been made in the "color-space

correspondence" (Terazawa 1980a):

1 I 1
c2 c3

where C (a=0,1,2,3) and "chroms", the subquarks (Terazawa,

Chikashige and Akama 1977, Terazawa, 1980a, 1984b, 1985b) which

are more fundamental constituents of leptons and quarks carrying

the color quantum number (Han and Nambu 1965, Miyamoto 1965) of

SU(4)C (Pati and Salam 1974).

There may exist the third paradigm in which the number of

the space-time dimensions may be determined. It is the "field-

space symmetry" (Terazawa 1977b) which combines the internal

symmetry of leptons and quarks or subquarks, the fundamental

matters, and the external symmetry of the space-time. A long

time ago, such a field-space symmetry of SU(4), combining SU(2)

of hadron isospin and 0(3) or SU(2) of spin, was first introduced

by Wigner (1937) and much later extended to SU(6), combining

SU(3) of quark flavor and 0(3) or SU(2) of spin, by Gursey and

Radicati (1964) and by Sakita (1964). It was further extended to



supersymmetry by Miyazawa (1966) , by Volkov and Akulov (1973) and

by Wess and Zumino (1974) . Also, many years ago, the Lorentz

symmetry was taken as a local gauge symmetry, similar to the one

of Yang and Mills (1954) , by Utiyama (1956) and later by many

others (Kibble 1961, Sciama 1962, Schwinger 1953, Carmeli 1972,

1976a,b, Yang 1974, Cho 1976a,b, Carmeli and Malin 1977). About

a decade ago, an extension of this gauge symmetry of SL(2,C) to a

field-space symmetry of SL(6,C) including SU(3) of quark flavor

was made by Salam (1975, 1977) and others (Isham, Salam and

Strathdee 1973, Cho and Freund 1975, Cho 1976c, Carmeli and Kaye

1976) to invent a supergrand unified gauge theory of all

elementary particle forces. Such a maximum extension of field-

space symmetry is either GL(32N ,C) or GL(12+2N ,C) for leptons

and quarks or for subquarks where N is the total number of gene-

rations (or families) of leptons and quarks (Terazawa 1977b). It

cercainly contains not only the standard gauge symmetry of

?j(3)xSU(2)xU(l) where SU(3) is the color gauge symmetry of

quarks in quantum chromodynamics (Nambu 1966, Fritzsch and

Gell-Mann 1973) and SU(2)xU(l) is the electroweak gauge symmetry

of leptons and quarks in the unified gauge theory of Glashow

(1961) , Salam (1968) and Weinberg (1967) but also the horizontal

gauge symmetry of SU(N ) (Terazawa 1977b). On the other hand, a

supersymmetric extension of the field-space gauge symmetry, an

extended supergravity (e.g., Gell-Mann 1977, Salam 1979, etc.),

has also been made up to SU(8) (e.g., Curtwright and Freund 1979,

etc.) and even larger (SU(32), etc.), which certainly contains

not only SU(3)xSU(2)xU(1) but also the grand unified gauge

10



symmetry of SCJ(5) (Georgi and Glashow 1974) and some horizontal

gauge symmetry.

Given such a field-space gauge symmetry, the dimension of

the space-time may be determined if an additional constraint such

as asymptotic freedom (Gross and Wilczek 1973, Politzer 1973) or

temporary freedom and asymptotic catastrophe" (Terazawa,

Chikashige and Akama 1979) , permanent confinement or "temporary

confinement and asymptotic liberation" (Terazawa, Akama and

Chikashige 1978) , and so on. The simplest and most instructive

example for demonstrating how it works is to remember that the

quantum electrodynamics in the 2-dimensional space-time is

asymptotically free while that in the higher dimensional one is

not. This third paradigm is, however, weaker than the first two

since such an additional constraint is rather artificial or

mundane without any direct relation with the origin of the

space-time and matter.

As I have spent so many pages for trying to answer the

second question, "Why is our space-time of 4 dimensions?", I

shall skip the detailed discussions for the following questions

and leave them for publication elsewhere.

III. MATTER

The third question to be answered in this section is "What

is the ultimate form of matter?". I can give a definite answer

to this question, "It is a subquark." As I have emphasized many

many times (e.g., Terazawa 1984b, 1985b) , since each subquark has

one and the only one quantum number (or function), it can never

11



be divided and, therefore, the most fundamental particle in the

ultimate form of matter.

IV. UNIVERSE

The fourrh question to be answered in this section is "How-

was our universe created?" or "What is the origin of the big

bang?". I can also give a definite answer to this question in

pregeometry (Akama and Terazawa 1983, Terazawa 1983a,b, 1984a),

"It is a phase transition of the space-time from the pregeometric

phase where the space-time metric g vanishes to the geometric

one where it is non-vanishing and finite."

The fifth question is the most intriguing and serious one,

"Will the end of our universe come?". According to the singu-

larity theorem of Penrose (1965) and Hawking (1965), a singulari-

ty would be inevitable if our presently expanding universe is

bouncing, namely, starts contracting and eventually reaches to

the critical radius within, say, several million years from now.

It should be noticed, however, that the theorem depends on, among

others, the validity of Einstein's general relativity theory of

gravity at such extremity as extremely ligh energy (or tempera-

ture), which is apparently doubtful.

At such extremely high energy (or temperature) as the Planck

energy (G ^ 10 GeV) , the quantum effect of gravity which is

ignored in proving the theorem would become extremely strong if

the gravitational field (or metric) should be quantized. If this

is the case, the fate of our universe will depend on whether

gravity is asymptotically free or not. Several years ago,

12



Fradkin and Vilkovisky (1973) raised this important question in

pure quantum gravity and concluded that gravity is asymptotically

free to the lowest order. A year later, we (Terazawa 1978,

1980d, Terazawa, Kasuya and Akama 1979) suggested that it may not

be asymptotically free because of the interaction of the gravitun

with matter. If our suggestion is right, our universe may escape

from the catastrophic singularity of ?enrose and Hawking, thanks

to the possible breakdown of the Einstein theory of gravity.

In pregeoraetry, however, I am sorry to give a desperate

answer, "Yes, the end of our universe will come if our universe

is bouncing." The reason for this is simple and the following:

since the space-time metric (or graviton) is a composite state of

fundamental matters (or subquarks), it would dissociate into its

constituent matters at extremely high temperature (or energy),

just as ordinary objects do. In fact, we (Akama and Terazawa

1983, Terazawa 1983a,b, 1984a) have demonstrated by adopting the

technique developed by Dolan and Jackiw (1974) , by Kirzhnits and

Linde (1974) and by Weinberg (1974) for introducing the finite

temperature in scalar pregeometry that such dissociation of the

space-time may indeed occur. This is the phase transition of the

space-time from the geometric phase to the pregeoraetric one,

which is reverse to the phase transition for the big bang. In

other words, our universe which was born by the pregeometric

phase transition of the space-time in the big bang will inevita-

bly die from the reverse transition. We are still lucky not to

be able to see such disastrous and catastrophic end of our

universe, for "man is mortal" (Shakespeare 1564-1616).

13



Since I have already spent most of ray pages, I cannot

discuss here how the matter was created thanks to the baryon-

numfaer non-conservation after our universe had been created

(Yamaguchi 1959, Sakharov 1967b, Weinberg 1972).

V. CONCLUSION

In the previous three sections, I have tried to answer the

five prephysical questions. It seems to me that we have already

gone beyond the end of physics (at least, theoretical physics) .

Of course, there still exist many minor questions left in physics

such as "What is tne mass of the top quark?" although many people

including me have tried to give answers to this question. My

definite answer is, for example, "It is 131GeV if there are only

three generations of leptons and quarks" (Terazawa 1980c).

What was the final goal in physics, then? Certainly, one of

the most important aims in physics is to answer to the two

questions, "What are the matters made of ?" and "What are the

forces between them?". I can answer to these questions by

saying, "Everything is made of subquarks and every force is due

to them." What is left in physics, then?

No doubt, the final goal in theoretical physics is to

construct the most fundamental theory that may not only describe

but also explain all physical phenomena in our universe. Histor-

ically, many attempts have been made to construct such a final

theory in physics. Notable among them are the unified field

theory of Einstein (1950), Weyl (1920, 1929, Fock and Ivanenko

1929), Kaluza (1921) and Klein (1926, 1974), the unified spinor



theory of Heisenberg (1959, 196n), Ivanenko (1938, 1979) and

Nambu and Jona-Lasinio (1961), the unified gauge theory of

Schwinger (1957), Glashow (1961), Salam (1963) and Weinberg

(1967) and the grand unified gauge theory of Pati and Salam

(1974) and Georgi and Glashow (1974). The first two of these

have become obsolete in their original forms for obvious reasons

while the last two are incomplete as the final theory since they

can neither describe gravity nor explain all fundamental physical

quantities 3Uch as the gauge coupling constants and the masses of

the fundamental fermions (leptons and quarks) and the gauge

bosons (W~ and Z). More recently, we (Terazawa, Chikashige and

Akama 1977, Terazawa, Chikashige, Akama and Matsuki 1977,

Terazawa, 1980a,b,c, 1983a,b,c, 1984a,b, 1985a,b) have proposed

the supergrand unified pregauge (Bjorken 1963) and pregeometric

(Sakharov 1967) subquark model in which not only the fundamental

fermions but also the gauge bosons and the space-time metric (as

well as the Higgs scalars, if any) are all composite of

subquarks, the most fundamental and ultimate particles in nature.

Clearly, I have no more page here for reviewing this working

candidate for the final theory in physics. Please find its most

advanced form in the latest literature (Terazawa 1985a,b). It is

very close to the complete form. The only difficulty left before

constructing the final form is to answer the following last

question: "How does the fundamental length of order of the

Planck length (G -v 10 cm) come out?" or "Where does the

fundamental mass scale of order of the Planck mass come from?".

For the last three decades, this last question in physics has

15



been tried to answer by many theoretical physicists (Landau 1955,

DeWitt 1964, Markov 1965, 1966, Zel'dovich 1967, Isham, Salara and

Strathdee 1971, Salam and Strathdee 1974, 't Hooft and Veltraan

1974, Terazawa 1981, Freund 1983, etc.). I simply believe in the

following answer: "From the spontaneous breakdown of scale (or

conformal) invariance."

NOTE ADDED:

The subject related to those discussed in II has very

recently been discussed by Sakharov (1984).
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