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ABSTRACT

The concept of bobtstrap.and co-identification
are presented in ferms of universal constanté and Plangk
units or "quantal units." Physical variables are
,uniquély expressed in termsrbf Qniversalvconstants in an
analogous manner to that of Wheeier'é "wormhole" length,
L = (Gﬁ/cB)%; Other physical variables aﬁd such as time,
mass, energy, momenfum and power are also expressed‘in
this manner..ZSeveral implications result in the uﬁifofm
formalism of the four force‘fields when they are expressed

in, terms of universal constants.
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I. INTRODUCTION
Previously we introduced a set of quantities terms "gquantal

wl, 2

units which represent a unique expression of physical variables in

terms of universal constants in an analogous "wormhole' length,

r\)h—J

L = (Gh/ci)%; Wheelefsalso introduced a "quantum of mass," = (ch/G)
a "quantum of energy," .E.= (caﬁ/G)%, and a "quantum of dehsity,"
o = C5/G%h; Earlier M. fiaﬂckh,introduééd the "Planck units" of
lehgth, mass, and ﬁime tvz,(Gﬁ/CB)é. We term physical variables,
fo}med in this manner, "quantai units." (See Table I) Wheeler propo'sed5
 that thése quéntities represent a geometric strﬁcture of the spacé—time
manlfold.‘ | |

Thefe has been much interest in the recent work of B. A. Taylor,
W. H. Parker, and D. A. Langenberg5 on the theorétical implications of
the universal constdnts. They>demon5trate the manner in which'the
universal constants, on a fundamental theoretical framework, may possibly
unify various dlverse branches of phy31cs. This is what is proposed
and may(be p0351ble by use of the quantal unit form of phy51cal varlables
which are manifest in atomic, nuclear, and cosmologlcal phys1cs. It is
suggested that the quantal unit form of all physical varlables may
represent a more complete geometrlc,descrlptlon of the space-time mani—
fold than that proposed‘by Wheeler. 'Fof a more detailed discussion,
see Ref. 1. Pfesentéd,are some quantum theoretical aspects of the
@heory and in Refs. 1 and 2 and some of the cosmological aspects of the
theory are aléo ﬁreéented. | | |

We define two distinct quantization procedures, primary énd

secondary, where primary or maximal quantization is that gquantization
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procedure in terms of the quantal unlts and secondary is that quantiza-
tion procedure which is the ordinary or standard form of guantization.
The concept of symmetry and constancy is presented with
particular attention to that aspect of symmetry such as partla;
symmetry or symmetry breaking mechanisms. A generalized concept of
bootstrap ih terms of universal constants and a uniﬂorm formalism of
the four force field coupling éonstants, expressed~uniquely in terms

of universal constants is also presented.
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IT. THE CONCEPT OF PARTIAL SYMMETRY AND CONSTANCY

We have previously discussed the role of primary quantization

r

/-

in nuclear quantum mechanics and the generalized Heisehberg relations.
Elementary particie physics is a épecific application of quantum theory.
We present in this papef a general discussion of elementary particle
symmetries or "micro-physics" and the assumptiohs,embodied in this

scale ofiﬁhysics.7 The four force fields are diécussed énd a uniform

formalism is developed for them (Sec. VI). Certain implications result

from this systematic formalism.

.Man-is tied té the concept of constancy and symmetry in his
attempt to understand the universe. One expression of the constant
aspect in'the space-time manifold‘is the universal constants. Physicists

1ike to create ™ice," concise theories, that is theories that are (if

‘possible) simple in form and contain a high degree of symmetry in their

mathematical structure and in the case of "equations of motion"” a high
degree of symmetry in their transformation properties.
Prior to the advent of relativity and the possibility that

space is curved and even possibly has "dents" embedded in it, it was

" thought that space was "nice" and flat (Euclidian), isotropic and

symmetrical. This is what is meant by the word "nice" in this context.
In fact, it is quite apparent ﬁhat such simplicity would not
explain thekgreat variety that is oEserved to exist iﬁ our universe and
one shoﬁld not be surprised to find partial symmetries in elementary
particle physics. With the breakdown of parity8 in weak interactions

comes . ‘the concept of "partial conservation,” i.e.,, conservation onl
. AL ’ )
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in some interactions and not others. Much study of posSible violation

of CP (or T) and TCP invariance has been undertaken. We define

the coﬁce?t of partial symmetry or partial_conservation laws as the
"almost proposition.” o | |

We shall consider the role of the "breakdown" of conservation
princiﬁles in partial symmetries aﬁd'generalized bootétrap dynamios
necegsary for a posoibie derivétion of the spectrum of elementary

13

particles ffom the qpantal units. The concept of boototrép is a
description of force in particle physics whore the structure of elemen-
tary particies is deécribed as a coupling of that particle ﬁith its
self and other particles to produce.that particle. This particle
concept is defined as a composite particle descfiption. See G. Chewlh’15
for further details of the theory. Thé concept-of bootstrap d&namics

as &a déscfiption of force.may be genefalizable_to more‘fhanrjust elemen-
téry particle physics. It may indeed oe tfue‘as G. Chew ouggest, "that
to understand éero-mdss phenomena through solf-consistency may require
bootstrapping space-time'itself.” In order to derive the spectrum of
observed particles (see Table II), one would have to bootstrap from the
matter-energy content‘of the space-time manifold.l This could hopefully
be done from the quantal unit description of the spacé-time manifold.7

The bootstrap concept is an aspect of co-identification. Qpantiﬁies-or .
aspects of nature, such és the unive?éal constants, are co-identified
in that they are on an equal footing. and not functionally dependent on

each other in the sense of a 'dependent variable.' As in the bootstrap

concept, "nuclear democracy"” (G. Chew's terminology) among bootstrapped

9-12 e
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efpartlcles, co- 1dent1f1ed quantltles are mutually 1ndependent of each

A other and yet prlmarlly dependent on all other aspects of reality.

Avgenerallzed bootstrap model must neceosarlly include all the

- four force fields functionicg in the space~-time menifold and include
:gthe inner couplihéebetween-diffefent force fields. In the geometric
f?interpretatlon of -the four force:flelds in the manifold, it may be

pos31ble to formulate a generallzed bootstrap model. Usually each force

"field-is éonsidered separately except weak and strong 1nteractlons.

Coupling between fields often results in symmetry breaking as the mass
splittihg of strongly interactihghparticles due to weak and electro- .
magnetic nonconservation laws. This is an aspect of the "almost
proposition" in micro-phenomenon. A "geometric" bootsfrap model may
also resolve some of the problems with microscopic causality. G. Chew
discusses15 in detail the philosophies of the'bootstrappers'and
"fundamentalists" or those looking for basic building blocks of Nature

such as the quark models.
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III. "FUNDAMENTAL" PARTICLE MODELS AND QUARKS
” -18

Some recent work by M. MacGregorlé on a new quark model is

of interest. His work suggests_that one may formulate quarks in terms of ) .;

other particles,'more‘"fuﬂdamental" or in terms of other éﬁarks.. It may be
another "step down" as one goes from atomic to nuclear particles and
from nuclear particles to their internal constituents such as the'huarks".
that M. Geil_-Mannl9 named. The charges and spins of the three quarks
propdsed'by M. Gell-Mann are given in Table III. 7

' Bach quark =x, v, and A has its antiquark counterpart x, v,
and x. In each case for the anti-quark particle there is a sign
change in front of each factor iﬁ Table III.

It is possible, with thé.propefties of.fhe4three quarks to

"puild up" the properties of "guarkable" particles. Hadrons and mesons
are quarkabie and Leptons and‘the photon are not in this modei. An
example is the quark representation of the proton whose quantum numbers

are @ =1, I, =1/2, B=1, S =0, Y =1. The unique solution is

3
x 1 v. Another quarkable particle is the omega minus, Q- with quantum
numbers, Q = -1, I3 =0, B=1, §=-3, Y=-2. Its quark repré-

sentation is A A A. For particle quantum numbers, see Table V. Note
that a béfyon has baryon charge unity and that strangeness, §, and
hypercharge, Y, are defined in Séc. IV C. Thevquark representation of .
mesons can be done with two quarks, for.example, the k meson or kaon
exiéts in four states, ki and ko and Eg and.since it is not a
baryon, it has B = O. Then, for example, the positive kaon, k+, having
the quantum numbers Q = 1, II3 =1/2, 8=1, Y=1 cén be made up

of quarks g . The other particles can be similarly represented from
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Table IV. Experiments éfe being.conducted to detect quarks; they are
thought ﬁo_have méss of from 3vto‘10 BeV. If then, three gquarks make
up a protbn, then the energy reiation of 30 BeV making up around 1 BeV
must hold. It is like the phenomenon~of "three ten-ton trucks smashing
together to make a Model T Ford roa,dster,"'gO ﬁot impéssible, but needs
some expiénation. In spite of ‘difficulties with the model, quarks may
be experimentally foﬁnd but then the question of fheir being the "most
fundamentgl building 5lock" must étill be answered. E. Teller and L.
Schiff have suggested a strong correlation between the existence of
quarks and magnetic monopoles as mentioned in Ref. 13. The quark and
magnetic monopole models may represent a certain division and structure
of matter such as the atomic state but é state of matter that can be
further subdivided into a co+identified state as the co-identified
univeréal constants, in which all states of matter can be represented.
Let us review the manner in which elementary particle physics
is formulated and some of the assumptions the pfinciple that elementary

particles obey.
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IV. SYMMETRY PRINCIPLES, CONSERVATION LAWS, COUPLING CONSTANTS,
o AND "ELEMENTARY" PARTICLES

A. Eight Basic Assumptions of "Elementary"

Particle Physics

The.primary attempt of present day particle physicists is to
understand the basic elementary particle properties and the system of
interaction of.these particle propertiés. Over a hundred particles and
.their antiparticleé have been discovered and varibus classification
schemes for them based on their '"properties" have been developed. The
assumptions these classificaﬁion systems make are, (1) particles caﬁ
be described as "free entities"apart in space-time from all other

particles,21 (2) these particles are completely described by symmetry

properties and conservation laws and coupling constants (or dimensionless
numberé'répresenﬁing’the\interacfion strength), (3) there are‘four22
force,fieids»comprising all the possible types (or strengths) of inter-
actions between‘thése.parﬁicles  (6r aggregateé of these particles),

(4) thevhclassical" conservation‘laws.are_assuméd to hold, as conser&a-
tion of‘energy, linear, and angular momentum. [These conservation laws
hold as invariances under rotations translations (in space-time) or the
Lorentz invariance aséumption under thg proper Lorentz group (excluding

11,12 and

space or time in&ersioﬁ)], (5) invariance under time reversal
charge conjugation and CPT, (6) the existence of antiparticle counter-
parts for each particle [from assumption (4) and (5) here], (7) spin

and statistics [of a system involving more than one particle "weakly"

interacting (not forming a tightly bound state as a composite particle) ]

are related, (8) two more specific assumptions directly relate to
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presenﬁ aay ”Gell-Menn—Ne'eman type“gibgi SUj group symmetry theories
are: (a) a general causallty26 or localness condition which implies
analyt1c1ty of the S-matrix scattering amplltudes, (b) a one-to-one
correspondence beﬁween poles in the S-matrix amplitude, and an elementary
(or nuclear) particle. Stable particles lie on the physical sheet,
unstabletlie on fhe unphysical sheet.
| Let us look at what type of theorles develop from these assump-

tlons, look at what klnd of form or structure they have, what seems to
be inadequate about them, and whatAcan be implied from this work about
the fundamental aspectevof nature'and_the conetants.of nature. We shall
then in turn eeevwhat these fundamental constants and quantized quantities
infer about the nroperties of elementary particles.6’7’13

The basic asSumpfion about a set of symmetry properties for
elementary partioles is very significant in that symmefries usuall&
result in conservation-laws. Some symmetry quantities are exact
(completely conserved) in all four force fields and some are not.

Let us look aﬁ theseveighﬁ aésumpﬁions more closely, and see
what can be inferred from them, and also what fundamental significance
tney may have. We shall also see what happens upon relaxing and modifying
these essnmptions as to eauSality; and the structnre of spaceftime,‘dual .
aspectsrin‘nature, partial:and nonexact'mioroscopic symmetries and also
the cosmological impiicationsl’g'of the structure and properties of
elementary particles. OQur present day comprehension of the physical
world relies on the assumption that there are four basicvco—exietingv

forces in the universe. They are gravitational, weak (or decay),

electromagnetic, strong (or nuclear) forces.
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B. The Four Basic Force Fields

,VA Summary of their relative strengthsvis given in Table V.
The étrengﬁhsvof these fields and their‘interaétion time (which is
closely'felatédvfb the field strehgth) and'raﬁge is given. The relative
strengthvoi iﬁteraction time is given only approximately. For compari-
son, the'quantal force is also included in Table V. It is interesting
to note; that in a scaie whefg the nuc;ear force strength is taken to
be abouflﬁnity; the reiétive quantéi forbe-strength is about 10“0 and

the gravitational force strength is about lo-uo

. The quantal units are
manifest in both miCro'and mécrophenomena that is in both nuclear and
cosﬁological féatures, The interaction strengthsbof the four force
fields (Seé Table V); f because of their range,vérethought‘to apply
exclusively‘to other miciophenomena (short range, strong forcés) or
hacrophenomena (long range, weakér»forces). |
| '-One:might state the conventional hypothesisvin the féllowing
way. The ﬁuclear, eleétrohagnetic and ﬁeak forcesvaré manifest in
microscopic phenqmena. This is the exclusiye domain of short range
nuclear aﬁd weak interaction forces. Both electromagnetic aﬁd gravita-
tion forces>are aspects of macroscopic phenomena. ‘Thé.weak forces,
although a great deal stronger than the gravitational force, takes no
part in macroscopic phenomena because it is so shortvrange. Essentially
the gravitational férces are to§ weak to be observed in miérophenomena.2
| It may be in fact that certain geometrical and symmetry proper-
ties of gfé?itational forces do effect microphenomena and conversely gtrong

interactions may be manifest in macrophenomena. This is, it is believed what is

>
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indicated.by the quantal uhits. Miérophenomena does make up or constitute

macrophenomena in the sense that atoms are the "building blocks" of

" matter.

As stated before all iﬂformation about particles is obtained by
studying their ihteracﬁion (target and "observer" particle). The total
set of scattering events is describéd by the S matrix which is the
collection ofuall scaftefing émplitudes‘is célled the S matrix.29
Singularities in thé S métrik'come'aﬁout through the ﬁnitarity condition
on the S matrix (preserves the length of state vectors) and is associated
with actuai.physical states. A one-to-one correspondence between poles
in the S—matrixbamplitude apd nuélear partiéles is made (point 8b this
section).Bo

The S matrix is a Lorentz—iﬁvariant analytic function of all
momentum vaiiébles with only those éingularities required Ey the unitarity
condition. The requirement of simultaneous unitarity in all the different
channels of the S matrix obtained by sWitching incoming and outgoing
particles (crossing chanhelsB;) is an extremely highlj restrictive
condition. |

In recent years a great_deai of discussion.has Cenﬁered‘about
the so-called "composite' structure of'”elementary” particles that is
a description of these particles as "bound étates" of other particlés.

In the particular case where'the components of particle (such
as a nucleon) is itself that particle (or a nucleon), the properties,
mass and‘spin, etc., are determined on a dynamical basis termed

bootstrap dynamics by Charles Zemach. Such an example is the nuclear
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_ . sg - :
resonance state, or "Regge recurrence," 2 the N
3 v s

or A or 3,3 particle (an unstable particle with I = 3/2 and

J = 5/2). lThis composite particle can be described by a set of diagrams P}
for N =~ yx + N.BE’33
One_makes the assumption of analytic continuation in angular

momentum J for Re J sufficiently large,52+

This is the Regge idea. |
The position of:the poles corresponds to the maés of the particles and
the residue oflthe pole corresponds td the coupling constant. For two-
body strong interaction in fhe S matrix, implies that all strong poles
are Regge.(or composite) poles. A "total" bootstrap. calculation is
not withdut its difficulties as the forées coming from the exchange of
particlés with épin greater thﬁn 1/2 are,invgenerai,éingular and the
cérresponding VN/D diéﬁerSion éq&ations are éingulaf,‘ Attembfs to get
around fheée difficﬁlties have beén made by the'~introduétion 6f
arbitiar& adjustabie.parametérs. |

Le£ us turnvou£ étfentionvto the quantum numbers involved in

these calculations and)try to uhderstand the implications of partial

symmetries, S

C. Isotopic. Spin as a Partially Conserved Quantity and

- Other Quantum Numbers

The isotopic spin operator is ihterpretable as'a'generator of
the unitary symmetry groups U, and SU5 (and higher symmetry groups). -
In high-energy physics calculations, little is known about the
Hamiltonian, H, Eut-one can gain information about the state functions

by use of symmetry groups because the criterion that H commutes with

the symmetry group operator can be used. (This is because the wave
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funétion of commufing operators can be simultaneous eigenfunctions of
the two operatoré;)

| fhe generators of the‘gréupé forming the (infinitesimal) Lie
algebrairgpresent conserved Quantities;‘ For ekample,:the three components
of J spin (angulér momentum spin) form the‘genefators of the SU,
v(spécial unitary) group in "real" space. The three components of I

spin (isotopicvspin); I I_, and IZ are the generators.of SU

+7 2

also where fhe symmetry transformations occuf in isotopic spinvspace.
The commutation relationsvobeyed by the’I spin components are of the
type '[I+,I_] = gilz.' |

‘The.genératérs of SU3 are thg three components.of I spin and
Y, hyperéhérge and four other quantities involving Y and Q (electric

charge). .There are thus eight independent generators for traceless.

3 x 3 matrices. The or group of rotations is homomorphic to the §SU

b 3

group.

| In studylng a great number of reactlons in hlgh energy phy51cs
(strong and weak 1nteract10ns plus electromagnetlc), certain quantities
appear obviously to be completely conserved such as baryon number, B
or N,‘Lepfon number, 1 and electric chérge, Q and the classical
quantities .J (and spin) energy and L (see Table VI).

In SU, we have the expreséion,

3 .

qQ = I, + B+S . Q)
where S .is the strangeness quantum number (and IZ-= Q - % B for the

, SU? representation).' Refefring back to the four force fieldé, it has
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'been experlmentally observed that isotopic spin conservatlon is violated
in electromagnetlc 1nteract10ns, this- glves rise to the octet mass
splitting in-the SU3 formulation. It has also been observed by Lee and
Yang~ that parity (or space inversion) is violated in weak interactions.
>Quantities such as P, I and CP (C is the antiparticle
charge conjugationJeperator) are not completely (for all four fields)
conserved, but are partially conserved and are an aspect of partial
symmetries ithhe microscopic world. Until recently CPT appears to be
completely eonserved,12 where T is the time reversal operator but this
is now an opeﬁ question. (See Table VI for the conservation of the
gquantum numbers and_Table IV for the quantum number assignment of

"stable" elementary particles.)

‘i
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V. USTATISTICAL AVERAGES" AND PARTIAL SYMMETRIES

As we See; the "almost proposition" actually puts the Gell-Mann-

Ne'eman gfoup theory'symmetry on a stronger footing than the assumption

that "miqroséopic physiés" obeys a perfect symmetry group that have not
yet'been.discbvered. ' | | |

The lack of perfect.symmétfy (spatial ahd rhythﬁic patterns in
time) is feadily'obéerved in the macroscopic ("man-sized") world, such
as the.partial symmetry of the shapes 6f the petals of a’roée.’ A
statiSticaivavérége over fhese shapes,‘sﬁmmed and avéraged over a reason-
ably lafge fandom-EAmpling bf roses would yield a perfectly symmetric .
shaped represéntation.of'a iose. Because man is a member of this scale,
he'need ﬁot takevthis sum to diséern the property of the rose.35-

When man looks at the microscopic world, he has to take a

statistical sum over many events (such as resonance sums over particle

scétteriﬁgs or deéay events) in order to ascertain aspecté of the proper-

ties bfAthé elements of the microscopic scale.

| Tﬁé division between maéroscopic and miéroscopic aspécts of nature
ié not arbitrary in the sense of a scale relationship between aspects in
néture‘as.determined by such quantities-as.the quantal unit, /. Indeed,
this is recognized in the division between élassical56 (macro) physics
where 4 1is not significant and quantum physics (micro), where it is
significant. (See Table I;) The scaling depends on the observer, man,
who detects (unaided by instrumeﬁts) macroscopic events and therefore
formulates (for many thousands of years) a philosqphy based on these
macroscopic (and other scaleé)rwbrlds, and therefore makes certaih"

assumptions about their properties.
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The sum over resonance states, on the looking at many microscopic:

events iﬁ elémentary particle physics, is neéeééary because'the "man-
size" scalé‘is macro--not microscopic. N

When the sum over the "form or - structure"'(the Symmetry) of
events 1n\the mlcroscoplc world, the 1rregular1t1es still stand out such

as the mass splitting in the SU octets due to partial or almost conser-

3
vation of ceitaih gquantities for some but not allvof the four force
fields. |

If we were‘able to vieW'thé wprld of elementary particles as'
particleé'buiselves'(ﬁot.the maﬁFsize scale) we would undoubtedly see
more irregularities when we did ﬂot sum ovér the symmetry évents. Wéy
can no longer retain the philOSQPhical dssﬁmptidn of‘ﬁicrbscépic perfec-
tion (peffect symmetries) and macfoscopic inmeffectionA(paitial
symmetries). ST In actuallty, though, the’ quantum descrlptlon of the

mlcroscoplc world is based on the laws of probabllltles and the observ-

ables aréireprésented'as N
* ’ B '
f\lr ydt  or (n|n') - _ (2)

which indeed represents an "ignorance' of actual individual events in

this scale.15’58

We shall éee that the.precénditioning by our existence
to the ?reassumptions made in:the‘”macroscopic philosophy" make a
presupposition about the‘micro-world perfect symmetry that in fact there
is no evidence for. Iﬁ actuality there is a great deal of evidence to

the contrary in the existence of (1) partially conserved guantities in

elementary particle physics, and (2) also, the non-Abellan nature (or

"
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noncommutative nature) of the transformation group generators (canbnically
conjugate variables) that give rise to the guantum mechanics. Such is

the case for
(E,t] > & . ' (3a)

and

[p,x) > A, | | ~(30)

quantum'mechanics would not exist if the elements E and t  commuted
or P and' x commuted, orvan& set of can§nicaily conjugate variables
commuted: for 4 would be zero!

There are three presupfositions that lend to the main content of
causality: they.are, (l) the preasSumptioﬁ about'the perfect symmetry
of the microscopic world; (2) that "néturé takes the. easy way‘out," or
the simplest solution [this concépt is embodied in thé principle of least
action] and has both macroscopic (classical) and miéroscopicv(quantum)
manifestations, and (3) Lorentz invariance (and constanéy of the velocity
of light). |

Because of the invalid presuppositioﬂ about miéroécopic perfect
symmetry, we have been led to invalid ideas about.causality'and
analyticity in elementary particle physics.

‘We shall see that théAexiStenée of the fundamental length
£ = ,J.O_35 cm, and a total set of such quantitiés lead to the existence
of these partial microscopic symmetries.and thus a.new concépt of.

39 ' )

causality.
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Tﬁe'aésumétion that natufe“takesvthe simplest'or'easieét way‘
) . ’ . . . . e
out tends to lend tolthis presuppoSition'abbut.the microscopic world. v
being perfeétly symmetric, but indeed,-if’it were,‘tﬁe vasﬁ and varied ” #
universe that does eXist cbﬁld not, as for one thing qﬁantum mechanics
éould nof'exist, and of course by "magnification of microscopic phenomeﬁa,”
macroscdpiévévents are determined.uo Macroscopic partiél symmetries are
S0 obviéusvto us as a deviation ffom syétemsw with a gfeat dgal of
symmetry, but lacking.?erfécf symmetry;_ It appéars, for exé.mple,hl
that two or more simple, perfect things (such as two sine anes)‘can be
added together to form a complicated system that lacks perfect symmetry,
for example, and oscilioécope pattern. (See Fig. 1.)

To macréscopically resolve a figure like (iC)intolits original
~sine waveicomponenté requires electronic components.(thaf’experience an
12R loss) so ﬁhat in fact to‘gain a greater symmetry in the macroscopic
world réquires an increase in entropyz so that mécroscoPic perfection
and symmetry and order.make implications aboﬁt irreversébility; .So does
microscopy drder'(for exampie, the mixing of the atoms of two unlike

gases and then to chemically separating them),
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VI. FOUR FORCE FIELD COUPLING CONSTANTS.

Ferce field strengths can be "measﬁred" by what is termed a
coupling constant. Force strengths appear in Lagranglans and Hamiltons
as coefficients. Essentlally, a coupling constant represents a coupling
of two fields of the same force fleld. Very little work has been done
in the coupllng of fields of dlfferent force fields. The usual coupling
constants are defined between two or more partlcle" flelds of the
following type: (1) gravitation, the coupling between two gravitational
fields arising from two or'more mass particles (as an emitter and

detector), (2) weak 1nteract10ns, the coupllng between two "elementary"

particle flelds, as between two leptonic fields 1n muon decay or a
leptonic fleld coupled to a hadronlc field as in the beta decay process,

(3) electremagnetic coupling constants for the coupling of electromagnetic

fields arising from the presents of electric chafge or more generally

electric and magnetic monopole charge, () sfrong interactions coupling

constants between hadronic)42 force fields. The force field description

forstrongintefactions appears to be very comjblex15 either formulated in

‘a quark model or bootstrap model. For the relative force strengths in

dimensionless form, see Table V..
The essential feature of a coupling constant is its constancy
and it is therefore proposed that it represents a constant aspect of

nature and therefore can_be'expressed uniquely in terms of the universal

. constants (such as - c,. 4, G, Q, and k).

AA force field/Can»bekrepresented by a current. The interactions
of currents describe & dynémic process and the coupling constants

represent a constant coefficient of this process or as the coefficient



-20- - UCRL-20068

in the interaction Hamiltohian. Let us briefly discuss the usual form

“#

of the four force field coupling constants. See Eq. (21) for the electro-
magnetic Hamiltonian as an example. 7' : . ' «
First, consider the gravitational coupling constant in its

dimensional form as,

Ggr;v = éﬁg = %ﬁ = 2.07 X lO_us (Gauss-cm)-g (4)
c

as in Refs; 1 and 2. As previqusly noted, sinée the.quantal forée

F = c'/a, the quantity 8xG/c" = 8r/F. In this form, the gravitational
coupling constant is e#pressed in terms of upiversal constants G and
C. »

~In Table V, the dimensionless form of the gravitational coupling

Lo

constant appears; it is of the order of 10-59 to 10° ~. To derive this
quantity.frbm the dimeﬁsional coupling constant appearing in Eq. (%),

one multiplies by a factor vased or the proton mass, m, = 1.67 X lO_eh gm’
to form a dimensionless quantity.' Since 8§rG/cLL is in units of

(C‘za.uss—cn:l)-2 or dynes-g or secz/gm cm, the dimensional coupling constant

is multiplied by xc(cm)mp(gm)/tg (sec2), where )\, 1is the proton

Compton Waveiength’or A =—ﬁ/mpb = 2.10 X lO-lh cm and |

t, = A /e = 7.o-x 1072k

o sec as in Refs. (6) and (13). This factor is

about 5 )(.10lO cm gm/sec2 and therefore we have : -

L8 Lo

8ﬂG/Ch_= 2.07 X 107 sece/gm cm X 8.2 X 107 gm cm/sec2 ~ 10797 to 107

There are other calculations which are based on the electron massy -

m 9.11 x lO_28 gm and an electron Compton wavelength of

e

A

c 3.86 X lO-ll cm and the corresponding time for a light signal to
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travel this distance of 1t = rJe = 6:58 X 10_22‘sec,1 The factor .

 Xc (cm) m, (gm)/tcz (sece) thus becomes 7.4 X lou‘gm-cm/secg giving

+3 -

. a gravitational coupling constant of about 10 . One conventionally

' bases the conversion from the dimensional gravitational coupling constant

to the dimensionless form based on the proton mass. This is an arbitrary
choice. Dimgmsicnless‘Coupling’constants are formed for the'comparison

of magnitude of force'strengﬁhs of the four force fields as the dimensional

coupling constants are not in equivalent units.

Second, thé theory:of‘wéak interactions. has been -developed in

" analogy to quantum electrodynamics whez;é"Apl and Yh..play similar roles

in gauge'ihvariance,
3 A =0 o |
U T TR R (5)

and also for the conserved vector current (c.v.c.),

o <o e

S J_A.% ;;0‘-; _  . ,. | - o

‘The weak coupling constantVisﬂgiven i@ the weak interaction

"Hamiltonian as,

e T Tthee. (e

: Hﬁeak
where h.c. is the Hermitian conjugate and the current 'Ju has the

. N
general formh*v
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s By, (©)

in the V-A_theory_ (Yﬁ is the vector part and Yﬁ 75 is the axial

"~ vector part of the current);n In effect W is the probability that the
two currents will interacf.uBY The value of W is given as

3

W= l.h2 X lO—u9 erg-cm”; to be more precise, two weak coupling constants

is the vector

hs 46

should be defined. They are and g, where év

coupling constant and. gA is the axial vector coupling constant.

\

It is found phenoménologicdlly that within a few percent,

A

&y

We can represent 8 'decay by Ju as a "baré"'non-leptonic or

T - 1.25. o (10)

. l2
hadroniec . current,

A B @)

and for the.V—A'erm of the éﬁrrent;

- ( & N |
Jd = 1] - — . oo - 12)
R Yp W\ gy T5:>'Wn N , RS ).
and JV as a. leptonic current,.
g = *evyﬁ(l’* yé)wv . | o ~ . (13)

e .
vhere v_ is the electron-neutrino, also we define

—_
vV o= ¥,

5 . | (1h>‘
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We can write for the B decay interactioanamiltonian,

Bipe = o Vp Tl - 8/ W Vo (L ), s me (15)

- v int Wﬁg

Phenomenologically for bolh, beta decay,

W .
gy = —F . (16)
Ve
For the muon decay interaction Hamiltonian we have,
W' - ' » -—— ‘ ‘ )
H, = — Y (1 + 1+ + h.c. (1
v, @ v Vo (L)Y (17)

int : W/E

Note that thé subScripf i on Wg stands for the muon wave function
and the sUbscTipt Loon Yﬁ standsifor‘the inaex ﬁo be summed over.

If the uniﬁersality of the weak inﬁeractioﬁs holds,Athen W=wW. In
the absénce of stroné interactions, this would be s§1~that is the beta
decay and.muon coupling cbnstants would be equalnb The vector coupling
constanf is not changed by the presence of strong interactions, that is,
it is not renormalized for a zefo changing strangeness current, unless

vector part is conserved.

_ : N -
The experimental lifetime of muon decays give W' ~ 10 - m?

where mp ‘is the mass of a proton. By definition W' isvcalléd the

Fermi coupiing constant, and has dimensions of z2 or m—2 (for

A =c =1). The Hamiltonian, H, is an energy density in dimensions of
mﬂ-B or mu and the current has dimensions of a density or 3_5 or
m. When W' is obtained from the muon lifetime, one does not need to

take radiative corrections into account.
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. S
For an experimental lifetime of Tu ~ 2.2 X 10 v sec, we have,

3

_l W!2 m 5
T = ____523 ' (18)
K 2k (2x) '
or W' ~'10i5‘mp_2.. The units of mp-g  are chosen somewhat arbitrarily

and are found to be useful.

In forming thé dimensionless Fermi coupiing constant for Table
v, one ugéé"a'factor of £° or m 2. The conversion from 4° to m°
or to 'm;l can be seen to‘félate to G. N. Lewis’tunits,'ﬁf’.’15 as
1 gm =Afc cmll so that 1 cn® = Qﬁ/c)g gm_g; Actually, the expression
Ao = # /me ’-_-is ufilizea, setting A =c =1 so that Mo = m“l where
xc is length.v. v | |

To calculate the diﬁensioniess form of the weak interaction
coupling cdnétant‘for Table V, again an arbitraryAéHOice is made based
on the prdton of eléctroﬁ mass . 'The diﬁensionél coupling constant is 
given as, TW = l;hE x-io‘u9 erg-cmB. As we Mentionéd, the actual couplihg
constaﬁﬂfdépéhds on the decay prdcess cdnsidered'and whether strong
interacfions are "turned on." The factor to multiply W Dby to form its

Syt

dimensionless counterpart is ccnstrﬁcted’out of the units of (erg-cm

5

or secz/gm cm”. The factor based on the proton mass then becomes

L

tcg/mpxcp5 = 7.6 X'th . Thus W in its dimensidnleSS'form is

1.08 X 107 Dbased on the proton mass. Based on the electron mass, the

conversion factor to a dimensionless coupling constant is 5.3 X lO56 -
so that thé dimensionless weak coupling constant beéomes 752 X 10—15.

Values quoted for the dimensionless weak coupling constant lie in the

range of about ].O"-5 to lO—l5 depending on the conversion factor, based
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on the mass of the proton or;electron or muon and also depending on the
deéay time of the decay process considered. Usually in weak interaction
theory, the conversion to the dimensionless form is based on the electron

or muon mass since it is a leptonic process. The corresponding decay

1k

time for W ~ 10° is 10-9 sec, see Table V.. It is interesting to
‘note that one can obtain a dimensionless form of the weak interaction
coupling constant in terms of the gquantal energy and the proton Cbmpton

wavelength as,

%’ T 1072 (dimensionless) (19)

where' W 'is the coupling constant and Eb is the‘quantél energy. The
value is approximateiy the vaige of.the wegk decay constant in Table V.
For a further discussién of huclear properties and quantal units see
Ref. 13. 'bee on & new unifying representation of the four force field
coupling constants in terﬁs of universal constants will be given in the
next section“

Third, ﬁhe electromagnetic coupling,interaction is the'best under-
stéod_quantitative quantum‘mechanical descriﬁtion'of a force fieldf In
electromaéﬁetics the force can bevcalculated invtefms of one or more
photons.but the primafy coﬁtribﬁtionrio the electromagnetic force is
from one photon exchanée accounting to about 98 percent of the coupliﬁg
constant. The series in the perturbation expansion of the sum of
Feynman diagrams converges rapidly, each extra photon_contributing’a

decreasing factor of 1/137, which is @, the fine structure constant, -
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for each diagram summed. This is the_feason for the great'success of

quantum electrodynamics:.

The electromagnetic'coupling constant can be expressed as a -

- coefficient of the electrbmagnetic-current énd thus, appears as a
coefficient of the electrdmagnetic Hamiltonian. The electromagnetic

current with higher order terms is given by,

Jp oc .1 e V Yﬁ Y A . (20)

and the Hdmiltonian is given by,

e&m
Hint

Cr A e i@
Ju A ie(¥ T, W)Au, : | (21)

(sée Ref. 13). The quantity e2 “is the eléctromagnetic coupling
constant.h8' The éoupling éonstant is actuallyA eg%ﬁc, but in the usual -
convention A = ¢ = 1, has been taken;v Sometimes the factor‘ eg/hﬂ
is_dsed'wheré Ly ié fhe factor in 4 éo fhat h = c = 1, has been
used. thdimensional éon?ersion-faétors are heéessary ﬁo put the
electromaénetic coupling éonsfant in dimensiohleéé form for Table'v.

The purpbse in using the form ee/hn; as déne by'bthers, is to be
consistent with the use of A =c = 1, in cdlculating the other‘coﬁpling
constanfs.

k9

In Ref. 13 we discussed J. Schwingerfs ‘form of the electro- “
magnetic coupling constant that places electric and magneﬁic "charge"
~on an equal footing. The relation in Ref. 13, e?/ﬁc = n expresses
the form of the eléctpomagnetic coupling constant both in terms of

electric and magnetic monopole charge. In Sec. IX e shall discuss

this form of coupling constants more completely.
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Fourth; the étrong interaction Qoupling‘constant is least under-
stood of the;four force fields and appears to be the most ”cqﬁplex” of
the force fields. Of course, the least understood something is, the
more complex it appears. _The strong nuclear force is very short range.
Instead of obeying an inverse-square law as does the gravitational and
eléétrdmagnetic forées, the strong force has a véry strong repulsive
"core, " an attractive fdrce of somewhaf larger distances; falling

13

asymptoticaliy to zero ét about the;hucleér radius of -lO; cm or 1 fm.

Oné hypothesis in the description of force fields has been that
forées are ?foduced by the exchange of a particle or particles. This
concept of forCes’is quité.well acéepted and is basic to the bootstrap
descripfionvof hadrons.

If the exchange particle model is correct? then for gravitational
forces theveXchange particle would be the gravitatibn'(zero rest mass
and spin 2) to fit into the ideas of quantum field theory. In electro-
magneticvtheor&, as we mentioned, the photon (rest mass zero and spin 1)
is the exchange particle»and in»Weak interactions, the intermediate
vector Boson (IVB) is hypothesized as the exchange particle. More
discussion on the IVB in Sec. IX. Yukawa hypothesized that nuclear
forces weré produced by the exchangé of an "intermediate mass particlef
between the mass of an electron and the mass of a proton. For nuélear
decay times of v=2X lO-25 sec,'thé mass of the predicted gxchange
partiéle would be the mass of the pion (pi meson spin zero and mass
1 +, 276 times the mass 6f an electron and no, 268 times the mass of

an electron). This partiéle was looked for in cosmic ray.studies. The
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mion masé was discovered first, but did hot strongiy intéract with
nuclear matter. It is a lepton, not a meson and is misnamed. ;From the
relation 7 = xs/c'-where Ag = #/mc for Ngs the range of the nuclear
force 1.4 x lO—lj'Cm,vthen m 1is about 271 electron masses, a very
‘good prediction! For pion exchange, the coupling constant g, corres-

ponding to e of the photon coupling in electromagnetism, satisfies,

2 . -

B4 =T | | (22)
where g is the béryon"charge" (not to be confused with the magnetic
monopol‘e»cha;rge in e?/ﬁc - n. [See Eq. (29).] v.A perturbation
expansion in terms of ﬁultiple exchanges of pions'diverges rapidly since
gg/ﬁc >> 1. and is therefore not possiﬁle to use, as such,.in strong
interaction theory.. There are doubts raised by R. P. Feynman and
othefs as t§ whetherlit is possible to develop strong interaction fheory
in a consistent manner.witthuantum field theory. The Yukawa potential,

e - r/r0
r

(23)

coptains g as a "stréngth" coefficient and Ty is the range §f the
intgraction. This simple description of the nuclear force is incomplete
and inexact, but highly successful theory in its use to predict a great
amount of'experimental rgsults!.

In analogue to ee/hn for h=c¢=1 in electromagnetism,

the coupling constant for strong interactions is defined as

, _ v
&g [hr = G- | : (2k)
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A typical cross section for a nuclear scattering process will be of the

order,
~ 2 2 £ e
o = (g5 /bn)" X By | (25)
where AN_.is.a typical nuclear area. Then,

o = (820 )P T (827 x 2 X107 e (26)

For the photon production process such as v + P =N + 1«
depending linedrly on ee/hn, then for the electromagnetic cross section

for this_process,

o T (A2 T (8 x 1070 el (27)
By comparison’of Eq. (26) to Eg. (27), gives
gsg/hn S 1or gSE = 12. : . (28)

This is the gquantity, g s that appears as coefficients in strong

interaction Hamiltonians and Lagrangians. There are many specific forms

of the strong interéction coupling constant depending on the particular
model used.

'Now that we have briefly discussed tﬁe four fofée field coupling
constants .in their con&entional form; iet us look at theiriexpression f
uniquely in terms of universal constants on a unified basis. As stated
before, the universal constants fepresent the fundamental constant
aspect of the manifold and therefore all.constant aspectsvof the
manifold should be expressible in terms of them. Feynman says "you

know the particles and the couplings and so you know everything. Physiés
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in a nutshellid%)The problem is that it's hérd_to'know‘the particle

dyhamics, bootstraps or qﬁarks, and the coupling constants (particularly

the weak aﬁd‘strong, or finite range forcés).)l Process or dynamics as

well as constancy must be consideréd. We will represent the fundamental
constant aspect in the couplingfconstants or the constant aspect of the
force fiéld amplitudes at an (interaction)bvertex. 

Two fundamental aSpecté résult from the unified form of_thé four
force field cbupling constants; they.are'universal correspondence of
guantum and classical physics and generaliied complimentary or the dual
aspect of force fields;ls’52 In Sec. VII we present the Eoupling
constants epressed in terms of the universal constants. In Sec. VII

we shall present a discussion of magnetic monopoles which is relevant

to Sec. VIII.
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VII. MAGNETIC ﬁDNCPOLESVAND "CHARGE" SYMMETRY
Reéent work in éléctrOdynamics has been towards unifying both
electric and magnetic phenoﬁenon’and treating some aspects of magnetic
phenomenon in analogy with electric phenomena. .There'is much recent
' 53 Sh

interest in magnetic monopolevtheories by T. F. Shiff, E. Teller,

J. Schwinger,“9 and others. J. Sct'nnlngeru9 discusses a ‘charge”
-quantizatioh‘condition; which puts magnetic and electric monopole charge
on an equal footing. This condition is expressed as

;;? = | (29)

where n 1is an inﬁeger, e 1is the electric charge (carfied by a
spin-1/2  field) and ﬁﬁ. is the magnetic charge (carried by aﬁother
spin;i/é field) in his consideration. Note from before, we defined
Ac E‘Zﬁ. |

We can see the analogy between Eq. (29) gnd'the fine structure

constant,

7z 0= o | o | (30)

Of course «& is'not an.integer, but is given by d = 1/157.056. A
quantized condition must be exﬁressibié in terms of an integer, so that

its expression as a wave phenoménon‘is not "wiped buf" by iﬁs continuation
"in time. It appears that the expression in Eq. (29) is therefore a
quantum condition whereas Eq. (30) is not. It appears that, by considering
the existence of magnétiC'monopoles, a quantﬁm‘theory éf'change can be
formulated and that Eq. (29) represents a morevéomplete expression of

"charge" than Eq. (30), since n 4is an integer and « is not.
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E. Tellersh poinﬁs out thaf-experimenfal‘deﬁection of magnetic
mpndpoles will requixe very high energy experiments. Recently L. W.
Alvarez,‘et al.,55_have,dis¢ussed the use of superconducting elements in
the detection of magnetic monopoles and D. Sivers56 discusses some
theoretical aspects-thét are relevant.to experimental detection of

magnetic monopoles.
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VIII. - GENERALIZED COUPLING CONSTANTS :

Eaéh of the four force field coupling constants can be expressed
in terms of a "pole chérge" pair and other.uﬁiveréal constants. This is
done by formihg énalogous expreésions of Eg. (29). In classical electro-
magﬂétichtheory, the cbupling constant is given by eg/ﬁc‘= o, the fine
structure constant and in Schwinger's quantized in terms of electric and
magnetic chéfge. The eiectromagnetic coupliﬁg constant becomes
e?/ﬁc =n where n 1is an integer greater than or equal to one. By
aﬁaldgy each coupling constant for each force field in Table VI is
expressed in terms of a "classical analogy to eg/ﬁc and a quantized
analogy to e?/ﬁc ='n. fOr example, for the strong force field, we have
for the "ciassiéal” form of the couplinglconstant ggﬁﬁc = Gé where
G, is about 15 asrdiscuésed in Sec} VI. vIn the strong force field, the
qqantizéd ékpression for thelcoupling cohstéﬁt is given by gQgM/ﬁc =N
wﬂeré gslﬁ gQ_ in the form»ofban "electric stgsng pole particle."” Leﬁ
us compérelTable v .and'Iable VII.

in order to cal¢ulate the dimensionless form of fhé:coupling
constants»in'Table v, one can use the form such as eg/ﬁc =Q or
eg/hn = d for the assumption that h =c¢ =1 or ef - a. for the
assumption that A =c=1. Thié~can be done for all four force fields.
The relative force field sﬁrengths are the same fof h=c¢c=1 or
A =c=1 or for & and c equ@l to their dimensioﬁal value. For the
strong field, we have then gsg/hn = G, from Sec. VI [Eq. (2&)]
and ge/ﬁc = Gl [Eq. (22)] where G! 1is dimensionless and is given

values of 1 to 15. Then 8 is dimensionless and g = @ﬂ'Gé)l/g where
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h=c=1 is taken. The quantity g is dimensional and is given by
1/2 .

il

g (Gé-i? where 4£' = cfi and & and g are related by

2 . 2 - N , cL B _ . - . . . .
& Jhn = g Ac = G, so that g = bng/2". 1If £ is taken to be in

units of (esﬁ)2 from the relation £' = eg/a where e 1is in esu then

by -analogy g can be ih esu units. As stafed in Sec..VI, the relation

eg/hﬂ -~ o assumes that h = ¢ = 1. so that e'e/hn = ee/ﬁc = o where
we denote the dimeﬁsioﬁiess forﬁ of e as éf' where e’ =}(hﬂa)l/2.
Also e in esﬁ is given by e = (cx[')l/2 or the usual ésu charge
on an electron. | | |

In Sec. Vi, the weak.interactioﬁ constant was given as
W'~ 10_5’1111)-2 fo;.the universal Fermi.interacfion or as gwg/hf = W',

A oz -
For typical nuclear times t = 10 23 sec ‘then T = (hngwg) t and

exponentiélly weak decays go on the order of T ~ 10_9 sec giving,

g Z/ix = W =10"7. The reason that this differs from Table vy is that
W | : > , : :

weak interactions are often calculated in terms of W' = (gwg/hﬁ)g =10

which is the interaction matrix element57 squared instead of
CW o= gwg/hn = 10-7; For the expression W' = lO_5 mp-2 the mass mp
or m, can be taken as that of the proton (ffom B decay) or the

intermediate vector boson propagating the interaction currents. As

stated Befdre, we take W' to be the Fermi type coupling or .-

W M2
=i "

For the gravitational coupling constant relative strength, one

can calculate its relative strength by the ratio of the gravitational

force between a proton and an electron to the electrical force between E

a proton-and an electron since the potential equations of these two

force fields is of the same form (see Table V). We have

~

1k
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P & m_g. Te ~ 10740 A . (51)
= 3 - - 5
;e&m . e2 : : ' ‘

where the 1/r dependence drops out. See Eg. (4), where G 1is the
universal gravitational constant and is analogous to the Fermi constant,
W'. We can then write the gravitational coupling as

gG2/hﬂ =G mp2 ; Y~ 1077 for the @imensiénless form Qf the coupling
constant gGE. For thé dimensional form, we have mg/ﬁc = Y.

In each of the four force fields we then have the ahalogous

' "classical" coupling constant in Table VII as,

2 v
$=0 o (322)
2 . - : . -
e | ‘ ' | (32b)
£ ’ | | .
WE n _ -
z = 7 - | | (32¢)
2 _ .
D -y o ' . (324)
z ’ o

for #' = cf. These are basically of the form Pg/[‘ = C where P

is a force field “charge strengthf‘and C 1is the dimensionless coupling
constants‘given in Table V.

In analogy to échwinger's quantum'form of the electromagnetic
coupling cdhstants,' eg/ﬁc =.n, we cah form

gy & : - \
Qm'M = Ny | ) | (33a)
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J,r"?? n, L o (33b)

LM o, S (33¢)

for A4' = cﬁ.. These are of the form QM/4" - n where n is an integer.
It is‘péstulated that each‘pole pair, QM in analogy to the e?l prodﬁct
of electric and magnetic charge or monopoleé are universal consfants..
In the form 6f Tdble VIIéll coupling constants are then expressed
uniquely in terms of universal constants. 1In "Nuclear Democracy," the
mass of the‘protoﬁ andAelectroﬁ,arevnot universal constantsvbut they do
carry the universal constént of chargé.‘ It should bg noted that "conven-
tional".forms of coﬁpliﬁg.constanﬁs‘use ﬂhese masses to "eonvert" to
dimensiénless.fofms but this_ié a method,-not a fUndémeﬁtélvtheori.
Each force field in the quantum-formulation is characterized by
three quantitieé. The pair of field '"pole charges'" and £', where
£ = oh. All coupling constants are expressible uniquely in terms of
universal constants. The quantity; 4" is a universal constant, made
‘up of ¢ ‘and A and,:as‘for example .in electromagnetics e  and é&
are universal constants; so are gQ ahd  By WQ and ‘WM, apd mQ and
My Each forqe field contains twov"pole" terms which are universal
constants. The "nonuniqueness" or difficulty in a uhi#ersal expression

for the strong and weak coupling constants is due to these force fields

greater dependence on the bootstrapping in terms of the other force

A\

)




&
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fields bééaﬁse of the finite range of these forces. ‘This is an aspect
of the "almost'proposition" and is seen as symmetry breaking principle
in elementary particle pﬁysies.‘ The quantities #' and #£' and the
guantal unite occupy equal foofing with and can be considered as universal
constaﬁts beeause of the space—fime bootstfap concebtl The quantal units
and uni?ersal constants are co-identifiable and neither one is more
fundamental than the other.

Co-identification 1mp11es a lack of dependence in the sense of

functlonal dependence to an independent entity and yet the bootstrap

_concept- 1mp11es a set of objects that are of equal status by being

mutually dependent'on the rest of the set. Such is the case for the
universal'.cOnStantS' , (Co-identificatioh\is.discussed in Sec. II.)
Universal Ceriespondenee 15 exeﬁplified by the uniformity of this

form of the four:force fieldr(FFF) coupling-constants;_ The correépondence
between the "classical"bform of the couplihg constant, sueh aé; |
eg/ﬁc - o and the "quantum" form as e 9/&6 ; n demonstrates for each
foree field, the principle of universal eorresboﬁdence. Geheralized
complimentarity appears in the coupling constants as the dual nature
of.the "poles'" as the pole pair e and ? in electromegnetic‘theory.
In the qﬁantum form, we have an integer whereas iﬂ the classical form
o, the fine structure constant is not an integer. See Ref.(h9.

| The uniform formalism of the four force field coupliné constants
leads to the prediction of and is consistent with: 1) the intermediate
vector Boson in weak interaction theory, a) the magnetic monopole of
ftorce strength about 100 times the electric charge (fpr lowest oxrder

quantal charge), 3) a dual or pair of strong interaction chanrges’8 or
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exchange ﬁarticles, 4) two forms ofvgravitatidnal matter (one perhaps
béing anti—matter). The uniformity of the pair or duval form of the force
field as coekisting or co;identified "poles“rié consistent with a
- generalized bootstrap'principle as 1s the principle of partial symmetries.
The convention of choosing g set of units"” where £ = c =m = 1

(S

has been mentioﬁed in this‘and earlier sections. It is stated that no

' We term the units of

inconsisﬁeﬁcy reéults from this '"change of units.'
a universal constant its dimensionality and when the convention

16 = c = m =1 isxused, we are essentially setting something (the

dimensionality of a universal cénstant) equal to nothing since unity

has no units or dimensioﬁality. At best, there is a loss of information

by this conyéntion and at worst, it is incorrect in the strict sense of

a mathematical equation.

We have spokén of the co-identification of-uni&ersal constants

(and quantal units) that exist on an equal footing and mﬁtually dependent

on all ofher universal coﬁétaﬁﬁs, i.e., to'théif ﬁagnitude and diménsion-

ality. We have also presented the concept that the essential féature of

a universal constant.is its constanéy.- Thisvaspect of éonstancy is

absolute, not relative, and is not contingent. Absolute constancy is

independent of the manner in which it is formulated. The manner in which

this coﬁstahcy is formulated in é particular set of units is significant >
in expressing the manner in which one universal constant is related to

another, i.e., how it is co-identified with other universal constants.
'In this sense then,using the convention 4£7 = ¢ =vme = 1 1is denying the

0

basic co-identified nature of the universal constants. This is the
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reason for our use of 4 =4c # 1 in Table VII and elsewhere in this
paper where the universal constants ére used with- their relative numerical
values and dimensionality.. Of course, whether one uses cgs, MKS, or

~

other units is arbitrary.
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IX. GENERALIZED BOOTSTRAP AND PARTIAL SYMMETRIES

There has been the;search fbr a set. of "fundamental elementary
particles" to act as building blocks for the hadron spectra and perhaps
-;ll of reality! Empedacles' (500-430 B.C.) four elements of Fire, Water,
Aif, and Earth were further brokén down into chemical compounds, mole-
cules to afom rearrangement By the alchemists and then atoms to nuclei
and electrons’ahd nuclei into prétons and neutrons by the radiation
physicisté; and nucleons postulatéd to be composed of quarks. In each
respective case, these entities can be decomposed into their "building
blocks" using energies which are reiatively small compared to the rest

"mass of thev"parent" entity;‘ In the case of hadrons, the energies needed
to form duarks are lafger than the rest mass of a hadron in order to
decompose it into a specific nondetermined number of other hadrons each
which has appfoximately the same mass and is not more or less "elementary"
than any othef one. vThis is the essence'of the bootstrap concept. The
bootstrap concept avoids the conceptual difficuity of bqilding blocks
out bf building bloéks out of--and éo on.

The quarks, the lowest dimensional, lowest mass representation
of the symmetry groﬁp SU3’ can also be expressed in terms of other
hadrons and therefore can be considered as part of the hadron family
and are consistentvwith the‘bootstrap'concept. Actually, one;has to bootstrap
the space-time manifold itéélf. In this description the gedméfry of the
spaée—time manifold itself:has co-identified elements,_the quaﬁtal
units. Or, in another manner of description, a co—identified set of
universal eonstaﬁfs. Tach constant is not functionally‘dependent on any

other constant, but mutually dependent on all others. Their mutual
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existence.iS'ﬁhét determines "thekshape of the universe." We have
demohstréted an aspeéﬁ of this inARefs. 1 and 2, in our closed universe
model. As stated befo;e, éo4identification is a geﬁeralizaﬁion of the
bootstrap concept to essentially bodtstrapping'the space-time-mahifold;
its matter-energy.and oﬁher physiéal variable content in the-form_of
quantal units. Ih Ref. 15,G. Chew suggested bootstrapping space-time
itself as ﬁenfioned before. Th§ haarons épectra should be derivable
from this bbotstrap process, and the mass speétra should result from
the bootstrapping of the quantal mass, m 2‘10—5 gm.

The coupling constants of the four forcé fieids are also co-

identified. Thét is, no single force field can be completely expressed

" in a close theoretical framework without considering the others. All

force fields mutually depend on the geometric étructuré of the spaée-

time manifold which give fise to them.. Invsummary, each co-identified
coupiing constant can be represented by a pair of pole éharges and. other
universal cénstants which are:co-identified. This co-identification

is a manifestation of the more fundamental one in the space-time manifold.
This pair relation of polés is énothexvmgnifestation of the basic dual
aspect of the space-time manifold which is also manifest in the generalized

6,7

Heisenberg relations.
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X. CONCLUSION

‘In parf, the notion Of the various branches of physics comes
about through the action of various of the four force fields, gravitation;
weak, eleétfomagnetic, and strong inferacfions. Recently Taylor, Parker,
and. Langenbérg proposed thét the universal constants may act in a
theoretical manner to unify"the various branches of physics. An example
of thié éonéept is presented‘in the présent paper. A uniform formalism
of the four force fieids, in térmé of univefsal cbnstants, is presented.
Severai,implicatioﬁs result.from this formalish, for examble; (1) a
magnetic monopole in the electromagnetié interaction, of force strength
10° timeé that df the electricicharge for lowest order monopole, (2) an
intermediate vector Boson (IVB) in weak ihteractioﬁs; (5)»twp’forms of
strénglyninteracting "chargés"»of exchange "particles,” (4) two forms
of gravitétional matter which are perhaps redundaht or'éne form may be
"antimatter." |

A>generalized concept ofvthe bootstrap process is presented and
defined in terms of physical variableé; expressed uniquely in terﬁs of
universal constants, termed quantal units. It is proposed that the
gquantal units, which are manifest in classical, quantum, and reiativistic
physics, represent the geometrical structure of the space-fime manifold.
Therefore this generalized bootstrap‘processx,does not bootstrap
particles, per se', but bootstrap space-tihe itself. G. Chew recently

made this conjecture.
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Quantal unit in terms
of force, £ and ' @

Numerical value of ’
guantal unitP

In the evaluation of the quantal units, the values of’ 4 = 3.50 x 10”7
gm-cm and £' = 3.15 X lO"17 erg-cm have been used.

1
i 2 2 -
g = €idh length L = (ﬁl) 1.60 x 10 53 em
¢ F
v 1 1
t =<9-h— time t = (’f)z 5.36 x 10 sec
o ) F
oh % 1
m = (a—) mass m = <;—2- 2.82 x 10 > gm
S#\Z 1 :
E = (ééﬁ energy E = (£'F)° 1.25 1016 ergs
= (?zé)%' mdmenfum = C?F)% 4L.16 lOld gn-cn
P =\G : b= ) sec
7 . L ‘ ;27 .
L =4 angular L =4 1.06 x 10 erg-sec
momentum » '
F = ct/o force F=F 1.22 x 10" dynes
- 10
c=c velocity c =c 3,00 x 107 cm/sec
: c5 59 cm
P = e power P = cF 3.66 x 10”7 dyne —
5 2 :
o = = density p = E§ 6.50 1072 gm/cm
GA c £ - '
a The quantal units are expresséd in terms of the universal gquantal
: Iy
force, F = c4/G, 4, £, and c. The quantities, A4 and 4" are
defined as 4 =H/c and £' = ch. '
b 38

.‘3‘
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Table II. This is the 1list of some of the ﬁost basic "elementary" particles.
This data is taken from the review of particle properties, UCRL-8030 by
N. Barash-Schmidt,let al., revised January, 1970. Stability is defined

with réspect to strong interactions.

- Mass Decay Mean Life
Particle Spin  (MeV) Products (sec) Antiparticle
(o 3/2 1672 =% 4+ Ak 9
=T 1/2 1318 » - \ =
A+ on 10710
= 12 131 | , =°
Hyperons < = 1/2 1189 3
N + x 10710
=" 1/2 1197 | z"
o » -20 -0
by 1/2 1192 A+ Y 10 7(?) by
L A° 1/2 1115 N+« 1070 A°
n /2 939 p+e +v, 10° n
Nucleons { _
) 1/2 938 stable - S D
(" T
70 0 548« 4+ 4+ x . 10 20(2) 7°
others
K" 0 wol o+ v 10710 Kk
.o =8
Mesonsv < _ kl - 25 10
%° ‘0 498 R x°
| ky = 5 |
O 0 WO 4y, 107 '
: ' v o 1K )
L < 0 135 2y 10710 °

Table II continued on next page
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Table II continued

Mass Decay Mean Life

Particle Spin (MeV) Products (sec) Antiparticle
r - .. - - "6 V +
T 1/2 105 e + Ve + vu' 2 x 10 !
e~ 1/2 1/2  stable | e”
Leptons ﬁ - : ' v ’ _
' v 1/2 0 stable
e ‘ e
1/2 0 stable | v
. Vu / Tl
Photon Y 1 0 stable Y
Graviton G 2 0  stable | G

53
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(6.3

Table III. Quark Quantum Numbers

‘ isotopic “Boyon v
Quark, Q Charge, Q Spin, I3 Number, B S;rpngness,,s Hypercharge, Y
S A I E
R N ; :
S IR S LI A T IR I
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TABLE IV. The Hypercharge, Strangeness and I’sotopic Spin
Assignments of the "Stable" Particles
. ' ¥
Particle Q B Y S=Y-~-B =Q-—2- I
o -1 1 -2 -3 0 0
—0 : 1 v
= 0 1 -1 -2 +2 1
_ , , 2
=z -1 1 -1 -2 -3
ozt +1 1 0 -1 41 |
z° 0 1 0 -1 0 1
% -1 1 0 -1 -1 -
A° 0 1 0 -1 0 0
1
p +1 1 +1 0 += .
_ ‘ 2
n 0 1 +1 0 L
a 2
Kk +1 0 +1 +1 5 1
o : -1' 2
k 0 0 +1 41 -3 ) ,.
_ , .
T o S L, _ L1
k 0 0 -1 -1 +5 1
2
K -1 0 -1 -1 -3
at +1 0 0 0 +1
° 0 0 0 0 0 1
T -1 0 0 0 -1
0 0 0 0 0 0
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Table V. Relative Force Strengths

- Coupling Constant

Interaction

Force or Relative Strength’ Rangé (fm) Time (sec.)
Quantal force 1040 - 10720 10744
 StrQng (nuclear) 1 to 10 1 fm 10723
Electromagﬁecic 1072 (or 1/137) o 10721
Wgak (decay) .'ioﬁl;,to 10—'14 short range 10—9
Craviéational 10737 ® w
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Table VI. Conservation of Quantum NumbeTs

UCRL-20068 "

Interaction . P I S or CPT C T
strong + + + + + +
e and m + - + + + n
weak - - - + - -
gravitation + o+ + + + . +

+ Means conserved.

~ Means not conserved.

G
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TABLE VII. Unified Four Force Field Coupling Constants
_ "Classical" , Quantum .
Force Potential Equation| Coupling Constant| Coupling Constant
-2 e"lil' gz , gQgM
Strong d)s =8 r fc Cs hc N
2 2
] 3 . = 1 .?—- .g.— = .g.g. = -
Electromagnetic ¢e&m lmeo - iy ol
W2 m 2 WQWM m 2
= ! =
Weak P W —-————P—*hc : n
: , 2 2 m
- m” Po™
, Gravitét ional d)g = Fo= Y he N
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Neither the United States, nor the Commission, nor any person acting on
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A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

" B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.

”




TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



