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ABSTRACT

Color models of strong interactions are generalized to a

GL(8,$) (S» GL(6,<E)C gauge theory incorporating space-time

curvature and Cartan'9 torsion. Following Salam, the dynamics

is determined by an Einstein-Dirac-type Lagrangian. The re-

sulting field equations are a nonlinear (due to the torsion)

Heisenberg-Pauli-Weyl equation for the fundamental spinor

fields and a generalized Einstein equation for the background

metric of hadronic dimensions. According to this model,baryonic

quarks are confined in creon (black soliton)-type objects by

the tensor gluons of strong gravity. This approach also leads

to a black soliton mass formula which is in qualitative agree-

ment with part of the baryon spectrum. Hadronic mesons are

interpreted as gluon strings trapped in a multiconnected space-

time. Interrelations of color geometrodynamics with other "bag"

models are pointed out. Finally, the conceptual origin of this

space-time foundation of quark confinement is presented.
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I. INTRODUCTION

"The formulation of Dirac's theory of the electron in the

frame of general relativity has to its credit one feature

which should be appreciated even by the atomic physicist

who feels safe in ignoring the role of gravitation in the

building-up of the elementary particles: ita explanation of

the quantum-mechanical principle of 'gauge invariance' that

connects Dirac's W with the electromagnetic potentials."

This view put forth^l950 by Herman Weyl is revived in color

qeometrocynamics (CGMD): Matter is represented by f x c fun-

damental spinor fields 11/ (distinguished by f flavor

and c color degrees of freedom) which are coupled to a

Lagrangian invariantly constructed from the gauge potentials

of strong interactions. However, unlike CTuantum-chromodynamics

(Gell-Mann et al. , 1978) which assumes U(f) ® U(c) as "gauge

group", following Weyl, the tensor forces of strong gravity

(Isham et al., 1971) should play an equivalently important

role for a description of strong interactions. Consequently,

GL(2f,C) <B GL(2c,C) is taken as the gauge group of CGMD,

•whereas its dynamics is determined by a gauge-invariant genera-

lization of the Einstein-Hilbert action together with a Dirac

Lagrangian generalized to a curved space-time of hadronic

dimension (Salam, 1973). The latter is characterized by the

modified Planck length

4

or the Planck mass M r* 1 GeV of strong gravity.
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As is well-known from general relativity with spin and tor-

sion (Hehl et al., 1976) Cartan's notion of torsion (Cartan,

1922-23) of the underlying space-time induces nonlinear spi-

nor terms into the Dirac equation. In the generalization con-

sidered here the resulting Heisenberq-Pauli-Weyl spinor

equation (Weyl, 195O) gives rise to a nonlinear coupling

also among the different fundamental spinor fields, similarly

as in Heisenberq's unified field theory of elementary particles

(Heisenberg, 1966: 1974). Based on this geometrodynamical gauge

model an unconventional mechanism of quark confinement ha3

recently been proposed (Mielke, 1977d).

In this paper further speculations are offered with the aim

of incorporating all known interactions between particles into

a unifying scheme on a semi-classical level. To be more spe-

cific, the colored quark hypothesis (see Greenberg and Nelson,

1977, for a review) will be combined with the two tensor

theory of gravitation (Isham et al., 1971, 1973, 1974; see

also Sivaram and Sinha, 1979, for a recent review). Including

charmed quarks and regarding the lepton number as the fourth

color (Pati and Salam, 1974) a GL(8,C)f <8 GL(8,<E)C gauge

unification of all basic particle forces may emerge. As

indicated by the title of this paper this model may be

regarded as a geometrical extension of the celebrated "eight-

fold way" scheme of Gell-Mann and Ne'eman (1964).

In Section II the geometrical foundation (Mielke, 1979a) of

Color Geometrodvnamics (CGMD) based on the theory of fibre
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bundles is presented. Its dynamics is defined by a gauge-

invariant Einstein-Dirac-type Lagrangian modeled on a

curved space-time of hadronic dimensions.

As a result the 4 -fold set of fundamental spinor fields

is governed by the nonlinear spinor equation of the Heisen-

berg-Pauli-Weyl-type already mentioned above, whereas the

tensor dominated contribution of strong interactions then

has to satify generalized Einstein field equations.Under

the assumption that the matter is described by localized

solutions of the spinor equation, the strong gravity metric

tends to the vacuum solutions of Einstein's field equations

far away from the center of these "soliton-like" objects. Then the

asymptotical background is given by a Kerr-Newman-type metric

in the static case. Unlike general relativity this exterior

geometry can be distinguished, besides by mass, angvilar momen-

tum and charge, by its color and flavor content, as will be

discussed in Section III.

Ir Section IV tentative particle assignments are made accor-

ding to the CGMD scheme. Since a color symmetry with an

exact U(4)c subgroup would be too large physically, it is

tempting to assume it to be broken in such a way that leptons

remain (approximately) massless whereas quarks pick up real

masses similarly &B in Goldstone's model theory (see Taylor,

1976 for a review). Therefore the nonlinear interactions be-

tween the leptons can be almost neglected as in conventional

theories. This has to be contrasted to the massive case where

the nonlinear spinor terms are expected to give rise to bound
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II. THE GEOMETRICAL GAUGE MODEL

states of quarks. In a related, but simplified model

(Deppert & Mielke, 1979) with n scalar "quarks" obeying

a nonlinear Heisenberg-Klein-Gordon equation, such a bin-

ding of the scalar fields to localized spherical waves has

been found. The latter effect may be further enhanced by

confining curvature potentials self-consistently generated

in CGMD by Einstein-type equations. This expectation is

backed up by the self-attracting feature of these tensor-

qluons. a property of CGMD which it does not share with

Yang-Mills-type gauge theories (Coleman & Smarr, 1977).

Accordingly, if baryons are extended objects, they should

be described by black solitons (Salam & Strathdee, 1976)

which strongly resemble Wheeler's prior construction of

geons (= gravitational-electromagnetic entities (Wheeler,

1962)). If these objects collide, topological bridges should

occur with the flux lines of the color and flavor gauge

fields locked in. The "mouthes" of these wormholes would

give the impression of a quark anti-quark bound states

usually postulated for strongly interacting mesons.

In Section V, connections of CGMD with phenomenological

bag models of the MIT and SLAC groups are indicated on the

classical level.

Section VI touches upon the fundamental issue of to what

extent the non-existence of free quarks rests upon the

structure of space-time itself.

- 5 -

Ttie generalization to tie tackled - namely, the generalization of the SL(6,C)

gauge theory of strong interactions (isham et a l . , 1973)to one vith an additional

charm and 4 (hidden) color degrees of freedom-is formally a

straightfoward t a sk . To be more p rec i se , a p r inc ipa l f ibre

bundle (Kobayashi and Homizu, 1963) over a pseudo-Riemannian

space-time M with Lorentzian s ignature ( 1 , - 1 , - 1 , - 1 )

and the s t r u c t u r e group

6 * GU*,cf<s> GL C2, cf a U«£• U(4 *
(2 .1 )

will be considered where f and c denote the flavor and co-

lor degrees of freedom (respectively). L and R correspond;

to left and right helicities of the fermions. The bundle of

linear frames L (M ) is locally given by

-(/.(•f)^ a .*,® j « s 7 JX)

(2 .2)

(The conventions for the Dirac matrices are as in Bjorken and Dreil (1964),

whereas the n vector operators of U(n) are represented by the generalized

Gel 1-Mann matrices X- normalized to Tr(X'-X) ' 2$: , . . )
7 i f 1 /

The G bundle L (M4) (= set of a l l 44-bein fields in space-
both

time) possesses/the gauge invariant fibre metric

f. (2-3)

and the gravitational metric a v (which

corresponds to the gauge group SL (2,<T) of conventional

general relativity).

-6-



The linear connection

6> A,

6-

can, as usually,be expanded in terms of the 4 infinitesimal

Hermitian generators of the non-compact group G. Because of

later importance the unitary parts have been listed separate-

f Xf (2.5)

With respect to 8 a gauge-covariant differentiation

is defined in the local cross section

^s [ Y ^ ^ / *,<:- *,... ,
of the bundle of 4 Dirac spinors associated with

L(M4).

(2.6)

(2.7)

In terms of the connection 1-form

8 =

-7-

the torsion 2-form

is defined by

A dX

r ~ Di = di •+ > C8,iJ

i.e., via the 1st structure equation of E. Cartan.

It satisfies the 1st Bianchi identity

The corresponding curvature 2-form ("curvature operator",

MTW, p. 365)

i / ./ P fi J t, " A rJ y
=• -77 Lei A L a A *, y &X A O A

is given by the 2nd structure equation of E. Cartan

(Kobayashi & Nomizu, 1963, p. 78)

C = d S + i 8 A 8

and satisfies the 2nd Bianchi identity

D C = 0

In gauge theoryt(2.13) is more familiar in the local

form

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

Likewise, the field strength F corresponding to the

unitary subgroup of G locally reads



For later purposes the tensor *F dual to F is needed

if i— A (2.17)

In order to link the internal gauge symmetry to the

curved space-time the "metric" condition

' - o
will be imposed on the covariant derivative

(2.18)

acting

on the bundle L(M ). Then, geometric objects can be defined

which are invariant not only with respect to the group Tt of

local gauge transformations but also with respect to the diffeormorphism

group §_) of general coordinate transformations (Isham

et a l . , 1973).

This i s the case for the geometrodynamical Lagrangian den-

s i t Y {0 — ^ c & , %se.GMD

which defines the basic model. It will be referred to

as (classical) color qeometrodvnamics (CGMD), since it is

known that a complete Rainich qeometrization of the fermion

fields is in principle possible (at least in the case

G = GL(2,C)) Kuchar, 1965). The modified Planck length

(1.1) (or the Planck mass M* 'V 1 GeV of strong gravity

(Isham et al., 1971)) is the coupling constant of this

model. It can be shown that 5fGMD in the absence of spinor
fields reduces to the familiar Einstein Lagrangian density

-9-

(2.19)

Ttie field equations can be obtained from the geometro-

dynamical Lagrangian by familiar variational principles.

As the details of these derivations have been presented

elsewhere (Mielke, 1979a), it is sufficient here to collect

the main results.

a) Varying 5f G M D for the 1-form L of the linear frame

bundle yields the Einstein-type field equations

with cosmoloqical term

b) Varying for <? %

(2.21)

t h e s P i n o r equation

i re,, in +%
will be obtained.

(2.22)

c) H-y varying AG1W for the contorsional part (Hehl & Datta,

19 i) of the gauge connection B^ the axial vector of the

sp-; n-unitary-spin current of the fundamental spinor fields

is related to Cartan's torsion tensor (2.9) as is the

case of conventional general relativity with spin and

torsion (Hehl et al, 1976).

If this torsional relation is substituted into (2.22)

the G-gauge-invariant generalization

/

(2.23)

-10-



I I I . COLORED AND FLAVORED KERR-NSWMAN HOLES

of the nonlinear spinor equation

u . 2 4 1

proposed/1958 by Heisenberg and Pauli (Heisenberg, 1966,

1974) is the result . In a SL(2,C) gauge theory of gravi-

tation, Weyl already derived in 195O a similar equation

with a self-interaction of the axial-vector type. The

f i rs t term in (2.23) generalizes the Dirac operator to

the curved space-time (see'Schrddinger, 1932) of strong

gravity. The second term due to torsion generates a more

general self—coupling pf the spinors compared to the

Heisenberg-Pauli-equation. The la t ter was originally devised

to be invariant only with respect to the group U(2) of

isotopic spin, which incorporates only "iso-torsion" (see

also Finkelstein, 1961). Since the parity-invariant form has been

invoked in (2.24), contrary to the original, dilatation-invariant for-

mulation (Heisenberg, 1966), a mass term may.be retained.

In a hierarchical symmetry-breaking scheme it is physically

more realistic to assume that the GL(8,e) GL{8,C)

gauge symmetry of L_Mj.s broken down to U(4)L ® U(4)_ <&>

°( 4> t h e Presence of the 2) -invariant

Yang-Hills Lagrangian (Yang and Mills, 1954)

(3.1)

generalized to curved space-time, (see, e.g., Charap ft Duff, 1977).

(3 .2)

denotes a dimensionlesa coupling constant.

Disregarding for the moment the fundamental spinor

f ie lds sty i the complete Lagrangian density

* GMQ T M

yields , upon variat ion for o X /S -f 1

stein-Maxwell-type equations of CGMD:

the Ein-

X
•rfte field strengths E, coupled to an external source S, have to satisfy the

Yanq-Mills equations

which in a curved space-time local ly read (MTW, p.81):

( 3 . 6 )
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Prom (3.6) it can be inferred that the current defined

OL S y +

is locally conserved

ftp*

- i [A",
v

=* 0

(3.7)

(3.8)

Provided the charge density -y f 4- is aufficently localized,

with respect to the stationary background (3.11) equations

(3.6) admit the matrix-valued 1-form

A

n. ~
(3.9)

'8 ft ?2 l v ^Mc
as a solution. This is in complete analogy to the

abelian case (MTW, p. 898), except that the generalized

charge operator

Q =r f-V^f <i> cl£y (3.10)

accounts not only for the color (Perry, 1977) but also

for the flavor degrees of freedom of the strong back-

ground metric. Then, an exact solution of (3.4) is of the

Kerr-Newman-de Sitter-type (Carter, 1973) which for

J\_ = 0 (MTW, p. 877) reads

- V

(3.11)

Here the abbreviations

and

(3.12)

TV 6T

have been used, whereas J3,J,and Q denote the quantum

numbers of the spin projection, the total spin and the

generalized charge, respectively. (For the Kerr-Newroan

solution (3.11) to be valid the classical assignment

has to be used-)

(3.13)
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I V . PARTICLE INTERPRETATION IN COLOR GEOMETBODYMAMICS

In consideration of the back-coupling of the spinor

fields tp to the generalized Einstein equations (2. 21)

i t is extremely difficult to solve the Hei-

senberg-Pauli-Weyl equation (2.23) exactly. Therefore,

as a f irst step i t is justified to discuss

the effect of the nonlinear coupling of the spinors ^

via the generalized spin-internal-spin density S in

a fixed background metric of strong gravity as given

in the preceding section. The account of CGHD on a possible unification

of al l particle forces will be discussed by assimilating the scheme A of

the Yang-Hills unification of strong, weak and electromagnetic interactions

proposed by Pati and Salam (1973), although CGMD corresponds rather (see

(2.1)) to a [SU(!*)®] unification (Eliaa et al . , 1978) of basic

particle forces. In the la t ter , fractional charges can be equally veil

assigned to the quark fields. In both schemes the array (2.7) of the

fundamental spinors can be identified with hypothetical hadronie

constituents and the known leptons as follows:

\ ' Ve

red yellow blue lilac

4— (body-)colors >•

up

down

strange

charm

flavors

I

Because of the nonlinear term in (2.23), each of these 16 spinorial

"constituents" will "feel" a self-interaction and furthermore an

"external potential" produced by all other massive fermions. The

following discussion v i l l frequently refer to a related scalar theory

in order to simplify some arguments. In order to do so i t taay be

assumed that the h x k complex scalar fields

f s [ ? c \ ) I f, c = -i, ... , *J {4.2,

obey the nonlinear Heisenberg-Klein-Gordon equation

[a- Vf
in curved space-time.

Then this theory is founded on a dynamics which is similar

to those derived for the spinor case. The reason being,

that the HKG-equation (4.3) may be related (but not

identically) to the "squared" version of (2.23) (see

Deppert and Mielke, 1979). Furthermore, (4.3) belongs to

the few scalar equations known to admit stable

(Anderson, 1971) spherically symmetric solutions in a flat

space-time. (In this semi-classical approach, the non-

renormalizability of a |cp| self-interaction may be disre-

garded. )

1.3)

(4.1)

-15-
-16-

ttt * » * » ^ M *, ,



1. Leptons as Goldstone Spinors?

Tailing pL <. 0 in C*.3) it may be supposed that the (unphysically) large

U(M-color syiranetry is spontaneously broken by the ground state, in such

a way that the scalar fields <P(q) associated with leptons remain mass-

less (at least with respect to strong interactions, i.e. their mass being

of purely electromagnetic origin), whereas the "quark" type scalar fields

pick up real masses of say /* ~ 3 0 0 MeV. Presumably, this vill work out

similarly as in Goldstone's model field theory (see, e.g., Taylor 1976).

Ir these arguments could be carried over to the nonlinear spinor theory

given by (2.23),leptons would be the related massless spinors of CGKD.

(in a supersymmetric model (Capper et al., 1976) only -the muonic neutrino

Vu. could possibly be viewed as a "Goldstone spinor".) This idea

gets further support from the fact that the spin of massless spinors is

dual to a light-like axial vector. Associated with the latter is the

torsional part of the gauge connection B^_ , which in the massless cases

may then be removed by an appropriate gauge transformation. Therefore,

in the treatment of leptons the nonlinear self-interactions can be

neglected to a certain extent as is usually done in the case of quantum

electrodynamics (QED). The fact that the coupling given by the torsion

in the Dirac-Weyl equation (2.23) is effective only for baryons but not

for (massless) leptons is already made use nf in a model by Finkelstein

(196l). In his theory, the torsion of the space-time originates from

Xukawa-type pseudoscalar fields.

-17-

On the other hand,the consideration of Cartan's tor si

self-coupling at a length scale of the order of the Fermi

length

_ l ?

may provide an alternative model of weak interactions

(Hehl, 1970: De Sabbata and Gasperini, 1978).

( 4 . 4 )

2. Baryons as Black Solitons?

Opposite effects occur in the case of massive spinors. As was

suggested in the "new geometrodynamical model of baryons"

(Mielke, 1977d) the nonlinear terms are then expected to

be essential for the formation of bound states of three

quarks (e.g.^, ty Jl ar"3 A- forming a _ / \ _ particle) such

that the baryons represented by these states are in

a color singlet. (The additional charm symmetry is assumed

to be badly broken.) As a f irs t step,consider the Heisenberg-

KLein-Gordon e q u a t i o n ( I t . 3 ) C o r r e s p o n d i n g t o ( £ . 2 3 ) , wh ich i s g i v e n

in a stationary background. Expanding the stationary

solution into spherical harmonics j C&/tpJ reveals

that a t r i v i a l and also a non-tr ivia l bound s ta te of n

"soliton-type" solutions occur for "angular momentum" 1 = 0

and 1 » (n- l) /2 (Deppert & Mielke, 1979). If these solutions

are sufficiently localized the account of the quark fields /\
be '

(or (O } to the f—gravity background can/neglected and the

complete field equations reduce to the Einstein-Maxwell-type

-18-



system (3.4) far away from the center of the bound state.

These equations admit (quite uniquely) the Kerr- Newman

(-de Sitter) solution (3.11) in the stationary case. This

back-ground produces an effective curvature potential

(Brill et al. , 1972) for scalar waves CP which reduces

in the Schwarzschild-de Sitter case to:

{4.5)

Introducing the dimensionless radial coordinate

r

the potential (4.5) can be implicitely expressed in terms

of Wheeler's (MTW, p. 663) "tortoise" coordinate

i
De Sitter "microuniverses" could provide particularly

(4.6)

(4.7)

useful models of the hadronic background space-time (see
a

Mielke, 1977c, for̂ Z review of field theory in de Sitter

space): In the anti-de Sitter case (M = o, _f\_ = -3/R )

exhibiting an 0(2,3) symmetry, \f ftygenerates a completely
ffi'W

confining"bag* for hadrons of the harmonic oscillator-type
Caidirola et al., 1978)

(Salam and Strathdee, 1978;^whereas the finite barrier of

the Schwarzschild case ( _A_ — O) nay be operative for a more

realistic partial confinement (Fig. 1).

A concept of describing extended particles by means of

strong internal curvature has already been suggested by

-19-

Lanczos (1957). If fc^is internal space is assumed to be

an Einstein space Ru^ =" -A~ t*.V - ifc c a n b e s h o w n

(Komar, 1964; Vigier, 1966) that the phenomenological

particle symmetries like SU(3) or SU(2,1) emerge rather

naturally, A geometrical derivation of these internal

symmetry groups, however, is fundamentally related to

the difficult problem of embedding the internal manifold

in the external space-time (He'eman, 196S; Salam and

Strathdee, 1978).

The nontrivial ansatz (Deppert and Mielke 19T9) admitted by the HKG
indicates that even

equation (U.3) in « Schvarzschild background^ for color excited 1^=^=1

"quarks the resulting bound state appears essentially as

black far away from its center (provided that the quarks

carry the body-colors red, yellow and blue). According to

the general view adopted in CGMD baryons are represented

by black aolitons (or qeona (Wheeler, 1962)). This terminolo-

gy refers jito the black holetype background of the confining

tensor qluon field which together with the torsional non-

lir arity in the wave equation is the reason that the color

of ihe "solitonic" bound states may become transcendent

(Wheeler, 1971; Bekenstein, 1972; Pati et al., 1975) (or

black) far away from its center. This renders the ad-hoc

assumption of conventional color models (Greenberg and

Nelson, 1977) that physical particles occur only in color

singlets unnecessary. Briefly stated, there is "color with-

out color" in CGMD!

-20-



3. Black aoliton mass formula

In general relativity, the total mass M of an black hole

as measured at spatial infinity is given by the formula derived

by Christodoulou and Ruffini (1971)for the Kerr-Newman

solution. With regard to the background (3.11) it reads

Then the Gell-Mann-Okubo type mass formula

(4.8)

In accordance with Wheeler's (1974) conjecture which

states that "a black hole has no hair" the only

adjustable classical parameters are its total charge,

its total angular momentum and its irreducible mass. The

latter is a non-decreasing parameter which is determined

by the surface area Saof the hole via

(4.9)

Therefore, it can be viewed as of purely geometrical

origin. In GMD it is natural to identify M i r with

the Planck mass M of strong gravity as given by

equation (l.l). Since the preceding discussion supports

the expectation that only the flavor but not the color

degrees of freedom of the bound state are excited in CGMD, the

generalized Gell-Mann-Nlshijima relation

Q = r^fr-ic
can be assumed in a model with integer charged con-

(4.10)

stituenta (Pati and Salam, 1973). For the octet representation

within the 20-dimensional representation (2,1,0,0) of U(4)

the relation (4.10) leads to

-fr (3a = - ^ ^ + I (T-f-^) - 4- Y* ' (4.11)

whereas other more complicated cases have been explicitely
dealt with by Okubo (19 75).

-21-

= (4- fiY -f CTCT-nl-l Y*l)'(4 .12 )

for extended baryons is the result (Mielke, 19TTd). (Salam (1973) as

well as Sivarara and Sinha (1977) made related suggestions which, however,

aid not culminate in a specific formula.) I t generalizes Wheeler's "no

hair" conjecture to the GL(8,C) case with the effect that nov the quantum

numbers of isospin I , hypercharge Y, charm C and to ta l angular momentum

J are the solely disposable characteristics of a black soliton (see also

Bekenstein, 1975). In order to obtain a non-zero (3 the flavor part of

the G-gauge symmetry needs to be broken down further, similarly as in the

"eightfold way" scheme (Gell-Mann and Ne'eman 196U). Using the

phenomenological value fj = 1/5, the "black soliton" mass formula (!*.12)

f i t s reasonably well (Fig.2) with part of the baryon spectrum as will

be discussed in more detail elsewhere (Mielke, 19T9c).

4. Mesons without Quarks?

In conventional models (Kokkedee, 1969) hadronic mesons

are interpreted as quark-anti-quark pairs qq which are

bound together by the vector gluons ^ ^ of the color

gauge groups & £((4)0 , In "quantum chromo-
K

dynamics" the color electric field is expected to depend

E, = F. ^ e
to 00

on the distance z from the symmetry axis (see e.g. 't Hooft

1977). Since the force between two quarks would then be

(4 .13 )

-22-



independentof their spatial separation, a color confine-

ment mechanism for non-singlet states would have been

achieved which qualitatively would resemble strings.

Contrary to this, in CGMD a purely geometrical picture

of mesons may emerge as follows:

a) Pseudoscalar- and vector mesons consist only of gluon

field (and flavored flux) lines which, however, are trapped

in the wormhole topology RxS XS of the underlying space-

time of hadronic dimensions. Then, similarly as in Wheeler's

wormhole model (Wheeler, 1962, 1978) the mouthes of a handle

apparently are the origins of a quark anti-quark pair which

seemingly are connected by a gluon string (Fig. 3). This

view is consistent with the claim that a scattering process

(Mielke, 1977a) of black solitons representing baryons should

produce such color confining topological Einstein-Rosen bridges

(Einstein & Rosen, 1935), in space-time. As these may carry

away angular momentum corresponding to J = 0,1,a generali-

zation to colored Kerr-Newman wormholes would be desirable.

although 3uch a global extension of (3.11) is intricate and

can lead to causality violations (Carter, 1968). In a re-

lated view (Drell, 1978) it has been suspected that hadronic

mesons are rather like magnetic dipoles.

b) Tensor mesons: As the two tensor theory of Isham et al.

(1971, 1974), was originally devised to explain the observed

massive nonet of the strongly interacting spin-2 mesons f,f,

A, and K (1430), its extension to color is straightfor-

ward. Thereby one only adds the colored tensor gluons

necessary for the quark confinement in

baryons, as already discussed. However it is important

to point out that the physical f-mesons may be more

appropriately represented by nonlinear f-gravitons (in

the sense of Penrose's, 1976), in particular with re-

gard to the issue of guantizinq gravity (Isham et al.,

1975). This has to be contrasted with pertubative

approaches in a linearized theory.

Finally the saturation problem of the conventional

quark model (Kokkedee, 1969) may have a surprising solu-

tion in CGMD:

Mesonic hadrons are not interpreted as quasi-stable qq
rather

bound states but areYexplained by color and flavor carrying

gauge fields trapped in the multiconnectedness of apace-

time. Only baryons consist of "real" quark-type fundamen-

tal spinor fields which, however, are confined by the

curvature potentials of 3trong gravity, if the gauge sub-

group U(3)c is, as it is usually assumed, an exact synonetry,

due to the torsional self-coupling in the generalized Hei-

senberg-Pauli-Weyl spinor equation.exactly three quarks

should form a bound state.
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V. REGAINING OTHER BAG MODELS FROM CGMD

For future developments i t i s instructive to point out same interrelations

of the eeoaretrodynamictil confinement scheme with corresponding mechanisms

proposed in phenomenological bag models (see Hasenfratz and Kuti,lj78,for a review).

In the nonlocal theory of the MIT group (Chodos et a l . ,

1974) the term -VJfFB is added to the Lagrangian of the

matter fields, where B is a positive potential energy per

unit volume. In order tcv compress the "bag" against the

outward pressure of an effectively massless quark gas,

B is nonzero only for that region of space that contains

hadron fields. This assumption is also necessary in order
<c>

to confine the gluon vector fields A« .

In CGMD the volume tension B corresponds to a non-zero

cosmological constant

the dynamics of which is determined by the Lagrangian density

JlCc) - ~f I2 Bed
of the hadronic "mini-cosmos". According to Salam and

Strathdee (1978) a SU(2)C 0 SL(2,C)C gauge theory may

(5.1)

yield a color sensitive ./Lfc) such that in an anti-de

Sitter-type confining background,color singlets are pro-

duced which in their turn do not generate a non-zero _/\_(c=0).

Therefore, the inclusion of the so-called cosmological term in

CGMD may not at all be the "biggest blunder of my (Einstein's)

life" (citation from MTW, p. 41O), at least not with respect

to particle physics.

As shown by Creutz and Soh (1975), the MIT bag model can

be obtained from a local field theory in a strong-coupling

limit. Their analysis also exemplifies a connection with

the SIAC bag model (Baraeen et al., 1975) in which the

quark field -y interacts with a neutral scalar field &

-25-

In both models the quartic self-interaction is an

essential ingredient in order to produce the bag.

It is therefore important to note that such a confining

scalar potential ia already inherent in CGMD as a special

case. To see this, apply the conformal change

T
(5.3)

of the strong gravity metric to the Einstein Lagrangian

density (2.20) to which JP reduces in the case of

vanishing spinor fields . In a space-time having n

dimensions this . procedure yields

Since with respect to (5.3) the scalar curvature R

transforms as (Mielke, 1977b, Appendix (A.6))

&3% tf - R6- -
up to a total divergence

(5.5)

*l-2 (5.6)

This is proportionalis the result.

to (5.2) if the hadronic metric of the 4-dimensional space-

time is conformallv flat and the values of the cosmological

constant and of the scalar curvature are related by

A.
respectively.

//f (5.7)
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VI. QUARK CONFINEMENT FOUNDED ON THE STRUCTURE .OF SPACE-TIME?

If the confinement mechanism provided by CGMD is

really fundamental it should crucially depend on the

signature and on the dimension n of the space-time mani-

fold .

Since the Riemann curvature tensor is completely deter-

mined by the Ricci tensor if 7| s3 , Einstein's vaccuum

equations (2.24) with _A_OV=0 outside the hadron admit
confining - *

non-flaty/aolutions ortly if n j 4, a result which is inde-

pendent of the signature of the manifold.
Consider now for n = 4 a Schwarzschild-type hadronic back-

locally/
ground defined in a Euclidean "space-time". Since the

corresponding Newtonian potential is related to the metric

coefficients by (MTW, p. 449)

4,
2 (6.1)

the line element

(6.2)

has to be considered as the"Euclideanization"of (3.11)"for ••

J -J-Q=0. . Ai3 expected intuitively in this case there does not exist

anything- that would resemSle a horizon!at r = 2 MG_/c2 ).

This is reflected in the fact that the corresponding

effective potential (4.5) will not exhibit any barrier

(see Fig. 1) • that -could prevent an accumulation of quarks

having positive energy from disintegrating into its con-

stituents.
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Th is has to be opposed to the case of a curved manifold

which is asymmetrically broken up into one with three

space-like and one time-like dimensions. Then the curvature

barrier of \A,. , f f " ) becomes operative for afpartialj

confinement of classical nonlinear waves. As discussed in

Section IV(2) a complete quark confinement can be achieved by

the ten3t>r forces in anti-da Sitter "miorouniverse3"(FiS'l). If this viev

is respected by nature, baryons would be resemble mirror-

images of the whole universe, as Is anticipated in Leibniz1

thoory of monads (Leibniz, lTl**. see also Wheeler, 1971b).In conclusion,the

following deep truth (but not according to Niels Bohr's

terminology) may be suspected as the outcome of a new

geometrodynamical model of part icles:

"THE REASON FOR THE NON-EXISTENCE OP FREE QUARKS IS THAT

WE LIVE IN A FOUR DIMENSIONAL, LOCALLY MINKOWSKIAN SPACE-

TIME".

If nature had chosen a space- t ime with d i f f e r e n t

characterist ics, the proton, e .g. , in this conceptual frame-

w ck would be too unstable for physicists to come into being

(compare Salam, 1977).

This concluding remark i s very much in the spirit of a

"Darwinistic" explanation of the fundamental physical

constants discussed by MTW (p. 1216).

ACKNOWLEDGMENTS

I vould like to express my sincere gratitude to Professor J.A. Wheeler

and Professor F.W. Hehl for valuable hints and continuous support. Furthermore,

I wish to thank Professor Abdua Salam, the International Atomic Energy

Agency and OHBSCO for hospitali ty at the International Centre for Theoretical

Physics, Trieste. This work vas supported by the Deutsche

Forsehungsgemeinsichaft, Bonn.
-28-



REFERENCES

Anderson, D.L.T. (19TD, J. Math. Phys. 12, 9^5.

B&rdeen, W.A., Chanovitz , M.S., Drell, S.D. , Weinstein, M. and Yan, T.-M.

(19T5), Phys. Rev. £11, 1091*.

Bekenstein, J.D. (1972), Phys. Rev. Letters 2_8, 1(52; Phys. Rev. £, 1239; 2U03.

Bekenstein, J.D. (1975), Ann. Phys. (N.Y.) 9_1,, 75-

Bjorken, J.D. and Drell, S.D. (196U), Relatiylstlc Quantum Mechanics

(McGraw-Hill, S&n Francisco).

Brill, D.R., Chrzanowski, P.L., Pereira, C M . , Fackerell, E.D. and Ipser, J.R.

(1972), Phys. Rev. D5_, 1913.

Caldirola, P., Pavsic, M. and Heceuni, E. (197S), Phys. Letters 66_A, 9-

Capper, D.M., Abdus Salam and J. Strathdee (1976), Nucl, Fhys. B107, 137.

Cartan, E. (1922), Aead. Sci. Paris, Comptes Rent, ljjt., 593.

Cartan, E. (1923), Ann. Ecole Norm. Sup-.ltO., 325.

Carter, B. (1968), Phys. Rev. ljU., 1559-

Carter, B. (1973), in Black Holes. Eds. C. De Witt and B.3. De Witt (Gordon

and Breach, Hew York), p.57-

Charap, J.M. and Duff, H.J. (1977), Phys. Letters 6£B., hk-j.

Chodos, A., Jaffe, R.L. , Johnson, K., Thorn, C.B. and Weisskopf, V.F. (197M,

Phys. Rev. D9_, 3U71.

Christodoulou, D. and Ruffini, R. (1971), Phys. Rev. pj*_, 3552.

Coleman, S. and Smarr, L. (1977), Commun. Math. Phys. ^6_, 1.

Creutz, M. and Soh, K.S. (1975), Fhy». Rev. Dig, UU3.

Deppert, W. and Mielie, E.W. (1979) Fhys. Rev. 20_, 1303.

De Sabbata, V. and Gasperini, M. (1978), Lettere al Muovo Cimento 21_, 328T

Drell, S.D. (1978), Phys. Today, June, p.23.

Einstein, A. and Rosen, N. U-9351, Phy*. Rev. W, 73.

Ellas, V., Pat i , J.O. and Abdus Salna (1978), Phys. Rev. Letters hO_, 920-

Flnkelatein, R. (1961), Ann. Phys. (N.lt.) 12., 200; 1£, 223.

Gell-Hann, K. and Ne'eman, t. {196U}, The Eightfold way (Benjamin, New York).

Gell-Mann, M., Ramond, P. and Slanaky, R. (1978), Rev. Mod. Phya. 5J., 721-

-29-

Greentierg, 0.W, end ffelson, C.A. (1977), Phys. Rep. 32£, 69.

Kasenfrata, P. and Kuti, J. (1978). Phys. Rep. UOC., 75.

Hehl, F.W. (1970), Spin und Torsion in der Allgemeinen Relativitatatheorie

(Habilitationsschrift, Universitat Clausthal).

Hehl, F.W. and Datta, B.K. (1971), J. Math. Fhys. 12_, 133s*.

Hehl, P.W., von der Heyde, P., Kerlick, G.D. and Hester, J.M, (1976),

Rev. Mod. Phys. hS_, 393.

Heisenberg, W. (1966), Introduction to the Unified Field Theory of Elementary

Particles (Wiley, London).

Heisenberg, W. (I9lk), Naturvissenschaften §±, 1.

't Hooft, G. (1977), in New Phenomena in Subnuclear Physics. Ed. A. Zichichi

(Plenum, New York), p.26l.

Iaham, C.J., Abdus Salam and Strathdee J. (1971), Phys. Rev. D3_, 867; (1973),

Phys. Rev. D8, 2600; (197*0, Phys. Rev. Dg,, 1702.

Isham, C.J., Penrose, R. and Sciama, D.W,, Eds. (1975), Quantum Gravity

(Oxford University Press, London).

Kobayashi, S. and Nomizu, K. (1963), Foundations of Differential Geometry,

Vol.1, (interscience, New York).

Kokedee, J.J.J. (1969), The Quark Model (Benjamin, New York).

Komar, A. (196U), Phys. Rev. Letters 13, £20.

Kuchar, K. (1965), Acta. Phys. Polon.28., 695.

Lanczos, C. (1957). Rev. Mod. Phys. 5J.. 337.

Leibniz, G.W. (17H»), La MonadolRie.

Hileke, E.W. (1977a), Gen. Relativ. Gravitation 8_, 175.

Mielke, E.W. (l9T7b), Gen. Relativ. Gravitation S, 321.

Mielke, E.W. (1977c), Fortschr. Fhya. 25_, 1*01.

Mielke, E.W. (l977d), Phys. Rev. Letters 39_, 530; 39_, 851 (E).

Mielke, E.W. (1979a), "Gauge-theoretical foundation of colour geometrodynamtcs",

Proceedings of the 1978 Clausthal Meeting (to appear in Lecture Motes In

Physics (Springer-Verlaff, Berlin),

Mielke, E.W. (1979b), "On a black sol-iton mass formula for baryons" (In

preparation).

-30.



Miscer, C.W., Thorne, K.S. and Wheeler, J.A. (1973), Gravitation (Freeman and

Co., San Francisco) (quoted as MTW).

Ne'eman, Y. (1965), Rev. Mod. Phys. 31, 227.

Okubo, S. (1975), Phys. Rev. Dll_, 3261.

Pati, J.C. and Abdus Salam (1973), Phys. Rev. D8_, I2l»o; (1971*), Phys. Rev.

DIP, 275.

Pati, J.C, Abdus Salam and Strathdee, J. (1975), Nuovo Cimento 26A_, 72.

Penrose, K, (1976), Gen. Relativ. Gravitation £, 31.

Perry, M.J. (1977), Phys. Letters 21B_, 23U.

Salam Abdus (1973) in Fundamental Interaction in Physics, Eds. B. Kursunoglu et al.

(Plenum Press, New York), p.55.

Salam Abdus (1977), Proc. Roc. Soc. (London) A355, 515.

Salam Abdus and Strathdee, J. (1976), Phys. Letters 6lB, 375.

Salam Abdus and Strathdee, J. (1978), Phys. Rev. Dlf), U596.

Schro'dinger E. (1932), Sitzungsber. Preuss. Akad. Wiss. Fhys.-Math. Kl. XI_, 105.

Sivaram, C. and Sinha, K.P. (1977), Phys. Rev. Dl£, 1975.

Sivaram, C. and Sinha, K.P. (1979), Phys. Rep. 51.' 11:L •

Taylor, J.C. (1976), Gauge Theories of Weak Interactions (Cambridge University

Press).

Vigier, J.P. (1966), Phys. Rev. Letters IX, 39.

Weyl, H. (1950), Phys. Rev. XL, 699.

Wheeler, J.A. (1962), Geometrodynamlcs (Academic Press, Nev York).

Wheeler, J.A. (l&Tla) in Cortona Symposium on The Astrophysical Aspects of

Weak Interactions, Ed. L. Radieati (Aecademia Nazionale dei Lincei, Boma),

p.133.

Wheeler, J.A. (1971b) in Atti del Convegno Mendeleeviano (Aceademia delle

Scienze, Torino), p.l89-

Wheeler, J.A. (1971*) in Proceedings of the Sixteenth Solvay Conference

(Editions de l'Universite de Bruxelles), p.279.

0,15

0.05

0.01
0

-0.05

EFFECTIVE
POTENTIAL

1,0001 '-Ml

^-Stable bound state

; Euclidean
j Anti-de Sitter

Schwansehild

I i
-5 5

05

10

1 8:*
D« Sitti

Fig.l : Confining potentials in strong gravity.

Wheeler, J.A. (I978), private communication.

Yang, C.S. and Mills, R.L. (1951*), Phys. Rev. 191.

-31- -32-

•i*'»n *i; -si . ' - . :



M(MeV)

2500

2000

1500

WOO

• I
-A
«N,A

Block soliton
mass formula

parity baryons

- E

-A

Z —

-G)

E -

A -

A-"

N -"-N

- t A )

' -CD

— N

E-

A-

--3-H-

8
tUJ

o

c

o
3

I
3.
2

•o
id
X

Fig.2: Black soliton mass formula ( H* fitted for _/L(H15.6)).

-33-



IC/79/98
INT.HEP.*

IC/79/99
INT.REP.*

Ic/79/lOO
INT.REP.*

CURREtfT ICTP PREPRINTS. AT{D INTERNAL REPORTS

V.E. CODKI!! and E. TOSATTI: Local f ie ld cor rec t ions to the binding
energies of core exci tons and shallow impur i t ies in semiconductors.

H.F. XOSTAFA, 14.A. SEMA3Y and M.A. AHI4ED: Magnetic s u s c e p t i b i l i t y
inves t i ga t i on of some antiferromapnetio Fst + complexes.

I .A, AMIN; The exchange property of modules.

IC/79/101 E. MAHCAVI-HEZAVEHi Remark* concerning the running coupling constants and
the unifying mass scale of grand unified gauge theories.

IC/79/102

INT.HEP.•

Ic/79/103

IC/79/104
IKT.REP.*

IC/79/IO5

IC/79/106

10/79/107
INT.REP,*

IC/79/108
INT.REP.*

IC/79/109
IBT.REP.*

Ic/79/110

IC/*79/lll
IHT.REP.*

IC/79/112
INT.REP.*
IC/79/113
IHT,RSP.«

IC/79/114
IBT.REP.*

IC/79/115
1ST.REP."

IC/79/117
INT.REP.•

ic/79/iia
IBT.REP.*

IC/79/119
INT .REP.*

Ic/79/120
INT. HEP,»

IC/79/121

ISMAIL A. AMIN: On a conjecture of Erdos.

M, YUSSOUFF and A. MOOKERJEEi Phonon frequency spectrum in random binary
al loys.

S, OOETTIGi Anisotropic plasmon-phonon modes in degenerate semi-
conductors.

T.N. SHERRY! Supersymmetric extension of the SU(5) model.

N.S. BAAKLINI: An SU(3) theory of eleetroweak interact ions.

M.Y.M. HASSAff and H.M.M. MAHSOURi Ralat ivis t ic calculation of polarized
nuclear matter.

M.Y.M. HASSAN and S.S. MONTASSERj On the thermal properties of nuclear
matter with neutron excess.

J . S . HKOMAi Theory of absorption by exciton polaritons in a spat ial ly
dispersive media,

A. OSHANt Nucleon-nuoleon interaction in the three-nucleon system.
S, FERRAHAj Superspace aspects of supersymmetry and supergravity.

M. STESLICKA and K. KEMPA: Variational calculation of surface states for a
three-dimenalonal array of fi-funetion potentials.
K.S. SINC'rfl and M.P. TOSli Relation between bulk compressibility and
surface energy of electron-hole l iquids,

A.Ri HAS3ANi Two-photon t ransi t ions to exciton polaritons,

0. AKDSNTZ and A.O. BAHUTi aauge-invariant formulation of dyonlum
Hamiltonian on the sobers 3^.

J .S . NKOMAr Linear photon and two photon absorption by surface
polaritons,

A. VISINESCU and. A. CORCIOVEIi Dechannalinr in the WKB approxiaation.

M. APOSTOLi Finite size effects on the Dlaama frequency in layered
electron gas.

F. BESTEFANO and K.MMKIR SHAH; 'Juasi-catastrophes as a non-standard
model and changes of topology.

A. OSMANj Effect of Coulomb forces in the three-body problem with
application to direct nuclear react ions.

Ic/79/122 K. TAHIR SHAH: A note on the violation of angular-momentum
INT.HEP." conservation,

IC/79/l23 A.A. EL SHAZLY, F.A. OANI and M.K, EL MOUSLYi Determination of optioal
INT.HEP.* absorption edge in amorphous thin films of selenium and selenium

dopped with sulphur.

IC/79/l24 M,M, PANTi Variationally optimized muffin-tin potentials for band
INT.REP.* calculations,

IC/79/l25 V. WABIA and L, BALLOOMALi On the transformation of positive definite
INT.RSP.* hermitian form to unit form.

10/79/126 C.3. OTBEY and U.K. CHATURVEDIi Dynafflical study of liquid aluminium,
INT.REP.*

IC/T9/127 A, TOOJKA: Spherically symmetric cosmological solutions of the Lyttleton-
Bondi Universe. .

IC/79/I28 K.M. BAKRI and H.M.M. MANSOURi The r e l a t i v i s t i o two-fermion
IBT.REP.* equations ( I ) ,

IC/79/129 B.3. TOBCHEV and J.G. BHANKOVi On the s-d model for coexistence
INT.REP.* of ferromagnetism and superconduotivity.

IC/79/I3O B.D. KANEILAROV, M.T. PRIMATAROWA and V. DBTCKEVAi Interfaoe atatM in

INT.REP.* a clasB of heterojunctions between diatomic semiconduotora,

IC/79/l31 W. MECKLENBURQi {feonietrioal unifioation of gauge and Higgs f ie lds ,

Ic/79/l32 LUNG CHI-lffll, SUN SHIANH-KAI and SHYUHNO LIARNO-YUEHj The eurfao*
energy, thermal vibrations of dislocation l ines and the c r i t i oa l crack.

IC/79/133 M.T.K. HASSAN, S.S. MONTA3SEH and 5. RAMADAN< On the thermal properties
INT.REP.* of polarised nuclear matter,

Ic/79/134 A. OSMANi Two-, three- and four-body correlations in nuclear matter.

IC;79/135 T- BARNES and O.I. GHANDOUR: On quantizing gauge theories without
constraints.

J . Supergravi ty.

* I n t e r n a l Reportsi Limited d i s t r i b u t i o n
THESE PREPRINTS ARS AVAILABLE FROM THE PUBLICATIONS OFFICE, ICTP, P.O. BOX 5861

I-341OO TRIESTE, ITALY.

IC/79/l37 T.N. SHERRY! Higge potential in the 3U(5) model,
INT.REP."

IC/79/138 M.M. BAi:RI and H.M.M. MANSOURi The r e l a t i v i s t i o two-fermion
INT.REP," equations ( I I ) .

IC/79/139 R.H. BASILYi The effect of the gate electrode on the C-V character is t ics
INT.REP.* of the structure M-TmFj-SiOg-Si,

IC/79/lUo J. NIEDEHLE: Quantization as mapping and as deformation.

Ic/79/142 ABOTS SALAMj A gauge appreciation of developments in part iole
physics - 1979.

IC/79/143 B. BUTIJ Ion-acoustic holes in a two-eleotron temperature plasma,
IHT.REP.*

-ii-

- i -



IC/79/144
INT .REP.*

tf, KROLIKOtfSKI: Rjcurrenoe formulae tor lepton ana quar*

IC/79/145
IHT.REP.*

IC/79/l46
IHT.BEP.*

IC/79/llt7

IC/79/l48
1ST.REP.*

Ic/79/l49
INT.REP.1

IC/79/154
1ST .REP.*

IC/79/l58
INT.REP.*

IC/79/159
INT.REP,*

C, SENATORS, M, HOVERE, M. PARRINELLQ and M.P. TOSI: Structure and
thermodynamics of two-component c lass ical plasmas in the mean
spherical approximation,

C. TOME: Change of elastic constants induced ty point defects in
hep crystals.

P. T̂OVICEK and J. TOLAB: Quantum mechanics in a discrete space-time.

M.T. TELIi ^jaternionic form of unified Lorentz transformations.

W. KROLIKOVSKIs Primordial quantum chromodynanics: QCD of a
Bose couple of coloured preons.

HIAZIIDDIN and FAYUZtlDDIN: A model for elactroweak interactions tased on
UD(2).
it

tha l e f t - r igh t symmetric gauga CTOUP U.(2)
L

B, JULIA and J . F . LUCIANIt Son-linear rea l iza t ions of compact and non-
compact gauge grou?3,

J . BOHACIK, P. LICHABD, A. WOOOVA and J . PIStJTi Monte Carlo quark-
parton model and deep ine las t ic electroproduetion.

IC/80/5
INT.HBP.•

IC/80/6
INT.REP.•

IC/8O/T
IHT.REP.*

IC/80/8
IHT.BEP.*

EIAZUCDIN: TVo-hody D-meson decays in non-relativlstic quark model.

G. ALBERI, M. BLESZYNSKI, T. JAHOSZEWICZ ana S. SANTOS: Deuteron
U-wave and the non-eikonal effects in tensor asymmetries in elastic
proton-deuteron scattering.

A.M. Kufbatov and D.P. Sankovich: On the one variational principle in
quantum s t a t i s t i ca l mechanics.

G. Stratan: On the alpha decay branching ratioB of nuclei around A » HO.

IC/79/162 P. BUDINI: Reflections and internal symmetry.

IC/79/lC* P- BUDINI: On cotiforaw 1 covariance of spinor field equations.
IC/BO/12 M.V. MIHAILOVIC and M.A, NAGARAJAN: A proposal for calculating the
INT.REP.* importance of exchange effects in rearrangement coll isions.

IC/79/167 T.D. PALEV: Para-Boae and para-Fermi operators as generators of
IKT.REP.* orthosymplectic Lie sujeralgebrae.

IC/8O/1I4 Vf. KKOLIKOWSKI: Lepton and quark families as quantum-dynamical systen».
INT.REP.•

IC/80/17 HAMIK K. PAK: Introduction to inst&ntons in Yang-Mills theory. (Part I ) .
INT.REP.•

-iii-



«=••••'«'•: **!llllll


