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ABSTRACT

We base our theory of physics and cosmology on the five principles of finiteness,
discreteness, finite computability, abselute non-uniqueness, and strict construction.
Our modeling methodology starts from Lhe current practice of physics, constructs
a self-consistent representation based on the ordering operator calculus and pro-
vides rules of correspondence that allow us to test the theory by expesiment. We
use program universe to construcl a growing collection of Lit strings whose initial
portions (labely) provide the quantum numbery that are conserved in the cvents
defined by the construction. The labels are followed by content strings which are
used Lo construct event-based finite and discrete coordinates. On general grounds
such a theory has a limiting velocity, and positions and velocities do not commute.
We therefore reconcile quantum mechanics wilh relativity at an appropriately fun-
Jamental stage in the construction. We show that events in different caordinate
systems are conneeted by the appropriate finite and discrete version of the Lorentz
transformation, that 3-momentum is conserved in events, and that Lhis conserva-
tion law i3 the same as the requircment that different paths can “interfere” only

when they difler by an integral number of deBroglie wavelengths.

The labels are organized into the four levels of Lhe combinatovidd hicrarchy
characterized by the cumulative cardinals 3,10, 137,247 4 136 ~ .I.T x 1038, wWe
justify the idestification of the last two cardinals as a first approximation to fiefe !
and f:c/(;‘m’f, = (Mprouer/mp)® respeclively. We show thal the guantum nuny
bers assoeiated with the first three levels can be rigerously identified with the
quantum numbers of the first generation of the stindard model of quarks amd lep-

tons, with color confineinent and a first approximation to weak-clectromagnetic

unification. Qur cosmology provides an event horizon, a zero velocity frame for
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the background radiation, a lire e .
ground radiation, a lirchall Lime of about 3.5 x 0% years, about the right

amount of visible mattler, and 12.7 times
er, and 127 times as muoch “dark matter”. A prelimi-

nary calculation of the fine structure spectrum of hydrogen gives the Sommerfeid
formnila and a correction to our first approximation for the fine structure con-
stant which leads 1o 1 /e = 137.0359671.... We can now justifly the earlier results

mpfme = 1836.151497... and mx/m, $= 274. Our estimate of the weak angle is
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results.
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1. INTRODUCTION

Physics is an erperimental science that relies on counting. For iustance, Galileo
counted the number of (¢qual “by construction”, and presumably by experiential
comparison) intervals a ball rolling down a smooth groove in an inclined plane
passed while watler flowed into a receptacle during the same interval. He then
counted the number of (equal Yby construction”, and presurnably by experiential
comparison) weights which would balance the water content of the receptacie.
We could now say that from these expertments he proved the invariance of Lhe
local acceleration due to gravity, We start aur discussion by insisting that finite
and discrete counting is the proper starting point for any fundamental theory of
physics.

Physicists have long known that counting is not enough to achieve consensus.
Sometimes the counts differ under the “same™ circurnstances; the scatter in the
resulls i3 not always easy to understand “after the fact”, let alone to allow for
Lefore. So a “theory of errors” has grown up, which is partly pragmatic, and more
recently relies on “statistical theory”. As a first rale experimental physicist has
remarked “you can't 1ncasure errors”. Current practice in high cnergy physics tries
to estimate creors by simulating the experimental setup on a computer and making
a finite number of pseudo-random runs te compare with the “real time” data. [n
this specific practice, the estimate of errors is also based on fanite counting.

Until recently the legacy inherited by physicists lrom continuum mathematics,
which some of their most illustrious predecessors had helped to create, dominated
thinking abont “measurement™ and “errors”. In particular, contivuum models for
“probability” - which can never bu tested in a finite amonnt of time  domi-

nated the theory of crrors just as Buchidean geomelry and its multidimensivnal



extensions deminated the todel space into which physical theories were thiown.
Bridgman made a heroic effort 10 gel out of this trap (but never went so far as te
abandon the cantinuum). Eddington attacked the problem from a point of view
historically connected 1o the approach adopted here, but was never able to carry
any substantial body of physicists along with him. Auch that is relevant to cur
work was going on in minocrily views about the foundations of mathematics at the

same titne. We leave the investigation of that background to others.

Computer scientists do not have the luxury of relying on “existence prools”
which Lthey cannot demonstrate on a computer within budget and within a deadline.
They have evolved a new scicnce, which differs in significant ways froin conventional
continuurm mathematics, in order to meet their specific needs. It is from this
background that the most productive work in the theory presented here liay arisen.
We leave thiat aspect of the scientific revolution we hiope to help initiate tu other
papers. This paper is addressed to physicists,

In the next chapler we review those aspects of the historical practice of physics
which we find mast relevant Lo our enterprise. Cosmology relies on panticte phiysics
for most of its quantitative "observational” data. So Chapter 3 sketches the aspects
of “elementary particle physics” we feel need Lo be modeled accurately if our alter-
native theory is to be taken serigusly by particle physicists and cosmologists. ‘The
basic methodology for our alternative approach is presented in Chapter 4. What in
an older termindlogy might bie called the “formal structure”, and in ours is catied
the “represeatational framework” follows in Chapter 5. Here we find that many of
the ad hoe allempts to fit relativity and quantum mechanics inta the historically
cstablished framework — attempls which some distinguished physicists still fiid

fall far short of their canceptual wequirements - can be replaced by a finite and
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discrete alternative, Chaptler 6 compares our results wilh experience. Chapter 7
steps back and looks at what we have and have not arcomplished as pact of &
rescarch program that has been going on for some of us far aver three decades. W

is here that we try to justify, or at least explain, the claimis inade in the abstract.

2. THE HISTORICAL PRACTICE OF PHYSICS
2.1. ScALE INVARIANT Puvysics

Physics was a minor branch of philusophy until the seventeentheentury. Galileo
started “physics” in the contemporary scense. e emphasized both mathematical
dcduct'ion and piccise expetiments. Some later commentatory have criticized his
@ priori approach to physics without appreciating bis superb grasp of the experi-
mental method which he created, - including reports of his experiments that still
allow replication of his accuracy using his methods. He firmly based physics on
the measurerent of length and time; from onr current perspective he established

the nniform acceleration of bodies falling freely near the surface of the earth,

A century later, Newton entitled what became the paradigm for “classical”
physics The Mathematical Principles of Natural Philosephy, recoguizing Lhe roots
that physics has in both disciplines. e also was a superb uxpcrimcntalislm. To
a greater extent than Galileo, Newton had 10 create “uew mmathemalics™ in order
to express his insight into the peculiar connection between expericnce, formalisim,

and methodology that still remains the core of physies. To length and time, he

#1 Caonsider, fur iustance, his detronstratian that gravitational awd weetiad tass ae progoec:
tional using pendulum bobs of the same weight and exierior size and shape but compowd
of different materinls, Edtvoys had to rely on two centuries of technological developrent 1o
construct a better technigue; some physicists are still struggling Lo go beyond Edwos (CT.
Physica Today, July 1938).



added the concept of trass in both its inertial and its gravitational aspect, and
ticd physics firmly to sstranomy through universal gravitation. For philosophical
reasons he introduced the concepts of absoluie space and time, and thonght of
actual meisurements as sonie practival approximation to these coneepts.

It is often thunght that Einstein’s special relativity sejects the concept of ab-
solute space-time, until i is smmggled back in through the need for Loundary
conditions in setting up a general celotivistic cosmnology. In fact, the concept of
the homogeneity and isotropy of space used by Einstein to analyse the meaning of
distant simultaneity in the presence of a Limiting signal velocily is very close to New-
ton’s absolute space and time. What Einstein shows is rather that it is possible to
use local, consequential time tu replace Newton's formutation of the concept. This
was pointed out to HPN by David McGoveran'® in the context of our fully finite and
discrele approach to the foundations of physics, and our derivation of the Lorentz
transformations using “information- transfer™ velocities that are rationa) fractions
of the limiting velocity. This same analysis shows that in a discrete physics, the
universe has tov be multiply connected. The space-like separated “supraluminal®
correlations predicted by quantum mechanics - and recently demonstraled exper-
imentally to the satisfaction of many physicisty  can he anticipated for spins and
fur any sel of coantahle dearees of freedom more impoverished that those needed

to apeeify o “nuderial oliject”
2.2, DREAKING SCALE INVARIANCE

Nineteeuth contury phymvasts saw the trivmph of the electrumaguetic field
theery. ~Classical” physics was still firmly based on bistorica) units of mass, length

and time. Quantized atomie iisses had been discovered by chemists carly 1
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the century, and quantized chirges related to them Ly Faraday, but physicists
anly began to take them seriously after the discovery of the electron antd “canal
rays”. Prior to the discovery of Planck’s constant and the recognition that mass
and charge were separately guantized, together with the understanding that the
propagalion velocily in [ree space required by Maxwell's equastions was a riversal
limiting velocity, classical physics provided no way Lo question seale invariance.
Quantum theory and relativity were born at the heginning of his century.
Quantum mechanics did not take on its current form until nearly three decades
of work liad passed. Although one route to quantum mechanics (that followed by
deBroglie and Schrédinger) started from the continuum relativistic wave theory,
the currently accepted {form breaks the continuity by an interpretive postulate due

to von Neurnann sometimes called “the collapse of the wave function”.
p

Criticisin of this postulate as conceplually inconsistent with the time reversal
invariant continuum dynamics of wave mechanics has continued ever since. This
criticism was somewhat muted for a while by the near consensus of physicists that
Bohr had “won” the Einstein-Bohr debate and the continuing dramatic technical
successes of quantum mechanics. Scale invariance is gone because of the quantized
units of mass, action and eleetrie charge. These specily in absolute (e, conntable)
termis what is meant by “small”. Explicitly ryoae = 49 /mee? (with m, the electron
mass) specifies the atomic seale, Agompron = (€57 he)rpane = I/ tee specilies the
quantum electrodynamic scale, and the “classical electron radins " ¢ fo,e? -
(e*/he) ACampion = 2h/1migc = Lk fmye specifies the nuclear scale; hete my, s e
proton miass, and mig 59 x 137m, is the plon mass. The clonaetibacy particle seale
himge is related to the gravitational scale by Ag = [(jh"/r}':‘ = WM prneie =

(Gm';:/hr}':‘ (himye)
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The expanding universe and event borizon specily what is meant by “large”.
Here the critical numbers any fundamental theory nmst explain are: “Mass™ of
the universe as about 3 x 107%m,  or at least ten times that number if one
includes current estimates for “dark matter” ; “Size” of the universe or event
horizon — naively the maximum radivs which any signal can attain (or arrive
from) transmitted at the limiting signal velocity ¢ during the Age of the universe;
*Age" of the universe as about 15 billion {15 % 189) years. Backward extrapolation
using contemporary “laws of physics” to the energy and matter density when the
radiation breaks away from the matter (size of the “fireball”) is consistent with
the ohses ~d 2.7°K" cosmic hackground radiation. The cosmological parameters
are numerically related 1o the clementary particle scale by the fact that the visible
mass in the currently observable universe is approximately given by Afy,uv =~
{he/Gm2)*my, and that linearly extrapolating backward from the fireball to the
“start of the big bang” gives a time Tpirepant 2= (hie/Giml)(h/mpe?) =3.5 million

years. Any theory which can caleulate all these numbers has a claim to being a

fundamental theory.

For a while it appcared that reconriliation between quantum mechanics and
special relativity would resist solution; the uncertainty principle and second quanti-
zation of classical fields gave an infinite energy to cach point in space-time! During
World War [, Tomonaga, and alterwards Schwinger and Feyuman, developed for-
mal methods to manipulate away these infinilies and obtain finite predictions in
fantastically precise agreement with experiment, Recently the non-Abelian gauge
theories have made everything calculated in the “standard model™ finite. Wein
berg asserted at the Schrédinger Centennial in London that there is a practical

consensus - but no proof  that second quantized field theary is the ouly way



to reconcile quantum mechanics wilh special relativity, e also poloted ont that
the finite energy due to vacumm lluctuations ts then 10" too large compared 16
the cosmological requirements; the universe should wrap itsell up and shut itsell
down aimost as soon as it starts expanding? Anyone who is willing to swaliow this
camel will still have to strain at the gnats of inflationary scenarios and the difficul-
tics associated with including strong gravitational ficlds in any quantum theory.

Continued attention to foundations seems fully justified.
2.3. EVENTS AND ThE VOID: AN ALTERNATIVE?

The concept on which most of clementary particle phvsics rests has moved a
long way from the mass points of post-Newtonian dynamics. For us, a paraphrase
- 3.
of the concept used by Eddington” is more uscful:

a PARTICLE is

“A conceptual czrricr of conserved 3-moementum and quantum numbers be-
tween events.”

This delinition applies in the practive of elementary particie physics (1) in the
high energy particle physics laboratory, and in the theoretical furmulations of ei-
ther (2) second quantized field theory or (3) analytic S-matrix theory, In (1), the
experimental application, “events” refer 1o the delection of any finite number ol in-
caming and outgoing “particies” localized in macroscopic space-time volumes called
“counters”, or some conceptnal equivalent. In (1), “events” start out as loci in the
classical Minkowski 4-space continuum at which the “interaction Lagrangian™ act-
ing on a state vector creates and destroys particle states in Foch space. $ioce this
prescription, naively interpreted, assigns an infinite energy and momentum to cach

space-time point, considerable formal manipulation and renterpretation is needed

10



belure these "events” can be connected ta labovatery practice, In (3), “evepts”™ vefer

-

to momentnm-energy spase “vertices” which comecve bmamentum in “Peyuns
diagramns”, These diagrams were originally introduced in context (2) as an aid to
the systematie caleulanion of renormalized perturbation theory, S-matrix theory
makes a strong case for viewing continuous "space-4e” as o wathematical artifact
produced by Fourier trausformation. Like any scattering theory, or any application
of second guantized ficld theory to discrete and finite particle scatlering experni-
ments, S-matrix theory includes rules for connecting amplitudes caleulated from
these diagrams direcily 1o laboratary practice (I).

Au alternative approach to the problem, which is begizning to be called discrete
amdfor combingtoru! physics. is focused on constructed, discrete ptucussus.‘ A
quick characterization of the theary conld be:

Chance, cvents und the voud suffice.

Only discrete, finitely coruputable, combinatorial connectivities are allowed. But
the multiple connectivity and the indistinguishables which uur approach requires
intraduce subtle differences from couventional mathemnatics and physics at an carly
slage,

The conpectivity can be provided by a growing univeise of bit strings. The
“events" generiated by Progrem Ungverse’ cImm.-cling bit striugs use part of the
string, called the fubed, 10 Jehne conserved quantum numbers. The bils ot used
a the labed can be called the content of the string. Looking back to onr fisst poss
at what we mean by o PARTICLE, vue “carttwet” comecting svents i the evaly
g labeled steing Yet, once the ungvetse s maturee enough to altow o meaningful
st pimasialion between baleed ol conrent, these ane iany stomgs will e saone Ja-

bel, The athteary evolunion connects shotter to langer steings, or for stiings of the



sarnwe lenglh connects two *Joevents” o form & “-event™, Thanks to the “counter
patadigm® | this diserete mudel also accounts for the conservation of Jomomentum
and quantum numbers consistent with laboratory practice (1), and svrves the same
purposes as the theoretical constructy in second gquantized relativistic ficld theory
(2} or analytic 5-Matrix theary (3.

The next chapter reviews Liie language — supposedly adequate to describe the
refevant phenomiena = which elementary particle physicists employ, and expect

others to employ when eniering on their turf,

3. CONTEMPORARY PARTICLE PHYSICS

3.1. Yurawa VERTICES

With the exception of gluons, the standard mode] of quarks and leptons starts
from conventional interaction Lagrangians of the formn gyi4¢, inte which various
finite spin,isospin,... operatory may be inserted. Here y is the “coupling constant”
which measures the strength of the interaction relative to the mass tenms in the
“free particle” part i the Langrangian, ¢ (E] is a ferinion [anti-fermion} second
quantized field and ¢ a boson or “quantum” field. All three fields can be expanded
in ters of crantion and destruction opuratars acting an “particle” ar *Fuch space”
states which in the momentuin space representation contaih separate d-momentot

vector variables for cach fermion, anti-lermion or quantum.

Fortunately for us, i one of the first suecessful efforts to tame the inlinitees
in this theory, Feymman introdu od a disgrammatic representation for the tenms
generated by such wteraction Lagrangians i o perturbation theory {poswers of

¢} expansion of the terms which need to be caleulated and summed in arder to

12



obtain a finite approximation for the predictions of the theory. These “Feynman
Diagrams™ have taken on a life of their own; they bring out the symmetries and
conservation laws of the theory in a graphic way. This can be a trap, particularly
il they are reified as representing actual happenings in space time. I{ used with
care they can short circuit a lot of tedious calculation (or suggest viable additional

approximations) and provide a powerful aid to the imagination.

In the usual theory, Minkowski continuum space-time is assumed and any inter-
action Lagrangian is constructed to be a Lorentz scalar. Consequently the quantum
theory conserves 4-momentym at ¢ach 3-vertex. Here one must use care because
of the uncertainty principle. If 4-momentum is precisely specified, the uncertainty
principle prevents any wnecification of position; the vertex can be anywhere in
space-time. This is the mast obvious way in which the extreme non-locabity of
quantum mechanics shows up in quanlum ficld theory. 1 we use a momentum
space basis, we can stil) have precise conservation laws at the vertices [or which
the masses have an unambiguous interpretation. In practical applications of the
theory momentum cannot be precisely known; guasi-localization is allowed 22 long
as the restrictions imposed by the uncertainty principle are respected. In a careful
treatment, this is called “constructing the wave packet”; actually speciflying this
construclion requires some care as can be seen, for instance, by consulting Gold-
berger and Watson’s Collision Theory. In practice, one usually works entirely in
momentum space, knowing that the orthogonality and completeness of the basis
states will allow the canstruction of appropriate wave packets in any currently

encounteted experimental situation. We have made a start on the corresponding

construction in our theory 4.

Although 4-momenturn conservation is insured in the conventional treatment,

13



this is not the end of the problem. For a particle slale with energy ¢ and 1
momentum J5 the formalism insures that ¢ — 7+ F = M?; here M is any invanant
with the dimensions of mass and need not correspond to the rest mass of the par-
ticle m. In the usual perturbation theory this is simply accepted. The dynamical
calculations are made “off mass shell”, and the specialization 16 hysical values ap-
propriate to the actual laboratery situations envisaged is reserved to the end of the
calculation. S-Matrix theory sticks closer to experiment in that all amplitudes refer
to physical (realizable) processes with all particles “on mass shell”. The dynamics
is then supposed to be supplied Ly imposing the requirement af flux conservation
{(“unitarity™) — a non-linear constraint — and by relating particle and anti-parlicle
processes through “crossing”. The analytic continuation of the amplitudes for dis-
tinct physical processes which gives dynamical content to the equations then makes
S-matrix theory inlo a self-consistent or “bootstrap” formalism. There is no known
way to guarantee a solution of this bootstrap problem shoert of including an infinite
number of degrees of freedom - if then; of course, it is also well known that there is
no known way to prove that gquantum field theory possesses any rigorous solutions
of physical interest. One must have recourse to finite approximations which may

or may not prove adequate to particular situalions,

The finite particle number scattering theory®~? keeps all particles on mass
shell, and hence has 3-momentun conservation at 3-vertices. This theory insures
unitarity for finite particle number systems by the form of the integral equations:
these also provide the dynamics. The uncertainty principle is respected because of
the “off-energy-shell® propagator, as it is in non-relativistic scattering theory; the

approximation is the 1runcation in the number of particulate degrees of (reedom.

If we put the “Feynman Diagratus” of the second gquantized perturbation theary

I



on mass shell, we can talk aboul 3-vertices and 1-events using a common language
for all three theories. The rules are easy 1o state, particularly if we do so in the
(cosmolagical) “zero mumentum frame”. We are justified in using any description
derived from this cosmological frame within the mathematical models because we
kave restri-ted ourselves to free particle, mass shell kinematics, We can use a cor-
responding statement in the laboratory because this frame is empirically specified
as the frame at rest with respect to the 2.7°4 background radiation. Then the
Poincaré invariance of the theories allows us to go fram this description to any

olher canvenient Galilean frane.

As we show in Section 5.4, the 3-momenta at a Jvertex add Lo zero. Diagram-
matically we have three "vectors™ which are “lncoming™ or “outgaing™. Uy putting
one of cach Logether we obtain the generic 2.2 channel 4-event, as indicated in fig
ure 1. Clearly for 4-events the total momentum of the two outgoing lines has to
equal the total momentumn of the two incoming lines, but the plane of the outgoing
J-¢vent can be any plane obtained by rotating the cutgoing vectors in the planar
figure about the axis defined by the single line connecting them. By associating
quantum numbers with each line, we can extend this description of 3-inomentum
conservation in Yukawa vertices and the 4-cvents constructed from them to the

conservation of quantum numbers which “flow” along the lines.

The idea of associating physical particles with the Lines as carriers of both mo
mentum and guantum sumbers which comes from this pictorial representation s
almost ircesistible. The reader is warned once again to resist this temptation. The
diagram is in 3+4) momentumn-energy space and nof iy space-tne. Jn fact if we
Nsist on interpreting it as a space-tme diagram tepreseuting the motion of par

cles, the quantum theory will blow up! 1t will farce us o assign an infinite energy

Ih



and momentum Lo cach point of that space time, and simplicity of interpretation
becomes elusive.

Once we have this picture in hand, “crossing” is easy to define: if reversing a
Jine and at the same thoe changing all its quantum numbers to their negatives does
not alter the conservation laws, the new diagram also represents a possible physical
pracess. The “particle”™ whose quantum numbers are the negative of another is
called its *anti-particle™. Sv “crossing”™ can also be stated as the requirement thal
the reversal of a reference direction and the simultaneous change from particle to
antiparticle represents another possible physical process. The manner in whicl a
single diagram in which momenta and quantum sumbers add to zero at a general 3-
verlex generates emissian, absarption, decay and annihilation vertices by suecessive
appheations of this rule is iNustrated in figure 2. The manner i which a single
diagram in which momenta and quantum numbers add to zero in a general 4-event
generates six physically observable processes by this rule is illustrated in figure 3.

Since one of the quantum numbers {“spin™) is a pseudovector, “time reversal”
-~ which changes the sign of velocity and hence the direction - is not the same as
the “parity” opcration which changes all coordinates to their negatives. In quantuu
electrodynamics or QED, the theory in which the diagrams originated, the quantum
number which distinguishes particle from anti-particle is electric charge: these rules
are a consequence of the “CP7T snvariance™ of the theory, They generalize to other
types of “charge”, eg “color charge” in gquanturn chiomaodynamics (QUD). Spin
is of great interest since it has a “space-time” significance as well as sharing the
discrele, yuantized character of other guantum numbers

Helore going on to the other quantum numbers, we note that the form of the

Yukawi vertex couples the particle and ant pastide Bickd o such a way that

16
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the “time ordered™ tterpretation of the diagrams the number of fermions mits
the numbet of anti-fetmious is conserved; this s called the conservation of fermion
number, Clearly the dagrams tespent tas cooervation law; a0 far as we know

{-number conservation, i ellowed w nature, -
3.2, THE STANDARD Mobgt

The fermions encounered in nature fall into two clisses: leplons and baryons.
So far as we kunow to date, lepton nunber and baryon number are separately
conserved. The lifetime for the decay of Lhe proton into leptens and other particles
has been shown to be greater than 10% years; tie experimental upper limit for the
value depends on which decay mode was searchied for, This fact has already ruled

out many propused sclieenes for “grand anification™.

The existence of the envnmaus underground detectors constructed to test the
liypothesis ol protun decay had an unexpeated payofl when two of ther detected,
“simultanvously”, neutrine bursts from a supernova esplosion 50,000 parsees (4
parsec = 3.3 light-years) away. ladividual neutsinos within the burst were cleanly
resulved, but the time spread of thie burst itsel® was so short that sifoermation about
upper limits for the masses of the neutrinos eould be obtained only by sophisticated
statistical analysis. Although the time for the arinal production of the nentrinos
is supposed 1o bLe very short, the spread induced by the subsequent diffusion of the
neutrinos out through the bulk of the star makes the calculation sensitive to the
model used for calculating the explosion Empincally, we can take the three types

of neutrinus to be massless with an upper linnt of 30 electron valtsfe?.

The quanta which couple via clementary Yukawa vertices in the standard model

all have spin one. The carliest coupling explored in quantum field theory was the

17
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clectromagnetic coupling between electrons {e7 ), positrans (¢ } and the mass

less clectromagnetic quanta; the theory, which can e exteaded to uther clueged
feenions, is called quantun electrodynamicos (QED). Tlhe vunsslessness of Uie ele

ttomagnelic quanta is imposed within the second guantized relativistie field theory
by requiting the theory te be “gauge invariant”™. A Jower homt o the miss of either
{ermions or quanta with specilivd suantum pumbers defines a well nnderstood ex.
perimental problem; if all such lower himits had to be fnite, tas would kill "gauge
imvariance”. The requirement of gauge invariance is not compelling for us prior
to some rough consensus as to what additional, independent tests (at an accuracy
specified in advance) are relevant, We know of po propused experimental program
that could test gauge invatiance within realistic entor bounds; the coneept of gange
invariance does pot meet Popper's tequirement. The aper linnts on tee iass of
electror agnetic quanta are very good; empirically, we can assuine pliotons to be

massiess,

The skepticism just implicd makes our explanatory problem diflicelt. The cur-
rent fashion in high encrgy elementary particle physics starts from *nen Abelian”
gauge theories. Their broken “symmietries” generale “mass” from a “spontahiecus
breakdown of the vacumin®. With care, this mechanisin s clasmed to be a gui-
anteed way Lo remove the infinities from a tightly constramed version of second
quantized field theory, Without those constraints, which start from the necesaty
to get rid of the “classical” infinity of the €2 /r potential Gufra-red divergence) and
the infinity of energy momentumn 8t each space-tnwe poant furced on us classically
by “point particles” and retained in the second quantized field theary e spate of
the uncertaiuty principle (ultra-violet divergenaed, thoese theones are proaae fuen

non-sensical. Sell-consistency within the mathematical theory s disputed by some
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who take the *rigour™ of continuum mathematics seriously,

Following a couventional ronte in o d-dimensional fermalism one runs inlo
trouble because a massless photon with momentuimn has only twe chiral states {4,
and vga) while the formizlism requires 4 compoanents for a -vector. For a mas
sive spin 1 “particle” {i.c somcthing that can “carry” 3-momentum between twe
events in any coordinate syitem, and whose mass defines a rest system) there is
no problem. The three slates which quantum mechanics requires for spin 1 can
be resolved along, against or perpeirdicular to the direction of motion, while the
fourth component of the 4-vector is telated 1o these three components “on shell”
by the invariaat mass. When the invariant tass is zero, we are left with only
twa chiral J-momentum carrying states, For fermions this is no problem, once
parity conservation is abandoned. But for spin | massless bosons, the “third™ and
“fourth” component of the *4-vector™ have to combine w yield a undirected )V jr
“eoulornb potential” in a gauge invariant and wmanifestly covariant matner. In o
<lassical theory with extended sources this was ho problem because the transfor-
matign betvreen the 4-vectar nnt.\tiqn and the "coulomb gauee” was always well
delined, although coordinaie system dependent. But in second gnantized field the
ory achieving consistrncy between the classical substrate and the Feyuwan sules
requires all kinds of teehnical artifices (indefinite metrics and the hike). In a finite
particle hemnbier theory, oue can avord smne of these technical ddlicultes by always
using transverse photons and the coulomb interaction  a well defined coordinate
systeqs, provided the (no longer manifest) “cavariance™ can be maintmned. Qf
course this removes some of the (we believe superfi-ial) forinal sunpheity of the
"manifestly covariant {-vector formalism. Since the theory we have developed

commils us to 3-momentum vonservation as fundamental, this is a natural route
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fur us to take.

Once this is understood, the particular crossing symmusrne Yukawa vertices
ef(Q = ~e,sph = —-}’l). epl@ = —e .l = I-%!:) specifying massive leptonic
QED for a single flavar {in this case ¢) coupled to 411, TR, 3r are gwf.-u in figure 4.
We note that for electromagnetic coupling charge and lepton number go together,
the conservation law for one imnplies the conservation law for the other. We rep-
resent the combined conservation laws of 25p € 0, k1,2 and ( = —Qfc € 0,21,
by the vector states in a plane in figure 5. A Yukawa (QED) vertex reguaires three
quantum number “vectors™ consisting of a fermion, an antilermion and a quantum
which add to zero, plus the temparally ordered processes depivesd from the funda
mental diagram by crossing. The field theory notation for this QED coupling is "
—iQeyae Ay, with Q4fhc = ¢ fhe >~ 1/1317,

In contrast to the parity conserving electiamisgnetic vertices, the “weak™ in
leractivus violate parity conservation maximally. An casy way 1o represent this is
to use a massless neutrino (1 ), conventivnally called “left handed”. Consider an
arrow in front of you with the head on the right. 1 you shp vour nght band under
the arrow to pick it up, your thumb will peint an the same direction as the head; if
you pick it up by slipping your 1eft hand under the artow, vour thumtb will point
the opposite direction to the head. The latter cas? is called “left-handed™. By the
Feymman rule the anti-nentrine B o e night-banded  The harged quantns
which couples to the electron and neutvine 15 catled W (the weak vector hosany
and is also chiral, stree 1 the zera womentom froue o + 0y — W7o field

theory notation the coupling is

~(G M IV2YEE(1 = 13)e
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The Weinberg-Salam-Glashow “weak-eleciromagnetic unification™ requires i
sddition to this electrically charged weak boson, which was @ convenient way to
perameterize the parity-nonconserving theory of J-decay. the neutral weak buson
Zg tesponsible for “neotral weak currents”. The reasons had to do initially with
the removal of infinilies frota the theory, and go through a complicated sequence of
arguments that predict, in addition, one or more scalar “Higgs bosons™, for which
there is at preseni no laboratory evidence. Since our theory is born finite and
cannol produce the infinities of second guantized field theory, we have no need for
these hypothetical particles in the first place. 1f they should be discovered (thauks
to current eF .rts at many laborateries which are now consuming a Jarge fraction
of theit experimental and computational resourees), we will be faced with some
diflicult conceptual problems in our discrete theory. Fortunately, for the moment,
we can ignare them, which makes our presentation af the conservation laws in the

leptonic sector considerably simpler.

The coupling of the Z° to neutrinos s chiral and is given by
(~i/VIUGFAZ (V) ITn(L = 15)eZ)

The coupling to elecirons is more complicated because it brings i the “weak

angle” B that distingu.shes the coupling ta left and right handed electrons in the

following way:

(~ 2/ VINCEMEIVIY e Rl + 18) + L (1 - 35 )eds

Here A, = 2sin®dy, L, = 2sin?6y — 1. If 5in®0y = 1/2, which is not too bad

an approximation 10 the experimental value, Z couples to electrons like a heavy
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amma ray, except tliat it is a pseudovector rather than a vector. The mixing
Y. p I

angle is not independent of the :nasses of the weak bosons, because
Mwysinlyw = [:rcrz/hrr(;":-\/i]} = Z]?.3ch/c3 = Mgsinth costy

Since there were estimates of e weak mixing angle aviilable before the discovery
of the weak bosons, their masses could be estimated to be around 81 and 94 Gev/c®
respectively, which aided greatly in their experimental isolation. Since the W’s are
charged, they couple ta photons and also directly to the 2 These conplings ase,
given in Ref. 10, p. 116. Eveatualiy the more complicated four-vertices given
in the same reference should provide a critical test of the standard maodel, and
conceivably might alsu distinguish bhetween our theory and Lthe standard madel
even in the absence aof experimental evidence for the Higgses. We ignore this
complexity in what fallows,

The conservation law situation is now corsiderably more complicated than it
was for electromagnelic quanta. Charge, lepton number, and helicity are still con-
served, but the pattern is not easy to folluw if writlen in those terms. Following
a strategy that was first introduced into nuclear physics to describe the approxi-
mate symnmelry between neutron and proton as an “isospin doublet”, we form a
“weak isospin doublet” from the lefi-handed electron (i, = -%) and left-handed
neutrino {i; = +=;-), and, assuming lepton number conservation, can talk about ei-
the: charge conservation or “z companent of isospin conservation” by introducing
an appropriate version of th= Gell Mann-Nishijiima foriula, namely Q@ = £/2 +1,.
for the left handed doublet To include the right handed cleciron, which dues not

couple to neutrinos, we make it an isospin singlet. To couple it 1o y-rays, we assign

it a “weak hypercharge” Y = -2 and modify the Gell Mann-Nishijina formula Lo
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read Q = Y/2 + i,. Our gquantum numbers are now conveniently described in the
3-space picture given in figure 6. The numerical specifications are given in Table

1,

Although the type of spacial representation of the quanturn numbérs presented
n figure 6 suggests that there might be rotational invariance in this space, actu-
ally only the values on the axes have precise meaning in terms of conservation
laws. Total isospin is only approximately conserved; it is a “broken symmetry”.
Perhaps this should not be a surprise in a relativistic theorys if we take the four
independent gererators of the Poiucaré group to be mass, parallel and perpen-
dicular compounents of 3-momenium and helicity (i.e. the component of angular
momentum along the parallel direction), the teotal angular momentum cannot be
simultaneously diagonalized. People often forget that “total spin” is not a well

defined concept in a relativistic theory.

Now that we have looked at the weak-electromagnetic unification of electrons,
whose mass is 0.511 Mev/e?, and their associated massless neutrinas, the full weak-
electromagnetic unification scheme is easy to state. In addition Lo the electrons, we
have two systems of leptons with much larger masses, the muon with 1nass 105.66
Meu/c® and the tau lepton with mass 1784 Afev/c?. Associated with each are left
handed (v,); and (vr)z neutrinos whose interactions can be experimentally distin-
guished from those of the electron neutrinos (v.)r and from each other. They may
well be massless, but the upper limits on their masses were much higher than for
the electron type neutrinos prier to the supernova measurement. As already noted,
all three upper limits are now comparable. The coupling scheme it Lhe saine as Lhat
we have already discussed above within each “gencration” (e, u, 7 = 19,27 3rd},

The coupling belween generations, specified by the Kobiyashi-Maskawa mixing
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angles, is weak.

To complete the scheme for Lhe weak interactions we must bring in the quarks.

There aﬁ: two “flavors” (up and down) for the first (electron) generation, wid two
p £

i
’

(char:ﬁed and strange) for the sccond (muon) generation; there are supposed to he
Lwe more in the thitd (\au) gencration to complete the picture. The existence of
the beautiful (or bottom) quark is well established, but searches for the true {or
top) quark are still under way. It is the only particle missing from the scheme, other
than the Higgses, if you stick Lo three gencrations. The quarks are fermions and
have electrie charge Quer = :h%,Qd,,,g, = :F-_!,; and baryon nuinber % Each fors a
weak isndoublet and an isosinglet in the now (amiliar pattern, This completes the

weak interaction picture at the level we will discuss it here.

The quarks differ markedly from the leptons in several respects. To begin with,
they carry a conserved “color charge” with 3 colors, 3 anticolors and an eightfold
symmetry we will describe in more detail in Section 5.5. They couple strongly at
low energy to cight spin 1 colored “gluons”. Color conservation is given a vectar

representation in figure 7.

Remarkably both quarks and gluons are “confined”: they show up like internal
particulate degrees of freedom in high energy esperiments (parton model), but
never have been liberated to be studied as free particles. Hence the definition of
their masses is indirect; recent calculations would seem to indicate that the “mass™
of an up or down quark is about 1/3 the mass of a proton at low energy, but falls

. . . . 1
off like 1/p* as the momentum with which they interact increases.

One np quark
combined with an up-down pair in a spin singlet stale to furm an overall color
singlel state form a proton with cliarge |, while a down quark combined with the

pair in the same way fortms a neutron with charge 0. Consequently the jfd-decay
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properties of the neutron can be related to the weak isodoublet descriplion given
ahove.

So far as quantum number conservation goes, we can talk about baryon nuimber
(B) spin and {strong) isospin with charge conservation given by @ = 8/2+1; in the
sante way we talked about weak hypercharge and weak isospin conservation above,
Quark-antiquark pairs describe the nmesons (pions, etc) which older theories nsed
10 explain nuclear forces, but the details of how the quark-tuclear physics interface
actually works quantitatively is 2 very controversial ficld of research. The easiest
way Lo piclure all Lhis js to write the “color™ vertices separately as vectors in a plane
and assume that they add Lo form a color singlet (which can be a neutral colored or
anti-colored triplet, or any onc of the color-anticolor pairs). Then we can return to
the familiar picture of ncutron, proton, their anti-particles and associaled mesons
in the {s), I;, B) space pictured in figure 8. Nole the symmetry of the diagram for
these parily-conserving streng iuteractions i contrast to the asymmetric diagran:
which pictures the parity non-conserving weak-clectromagnetic unification,

For any theary 1a gei “he quantitative details right is obviously a major research
program. A useful refercuce that gives some idea of the magnitude of Lhe task is
the Proceedings of the 1986 SLAC Summer Iustitute! Clearly we must stop at

some poitnt short of that effort here.
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4. AN ALTERNATIVE STARTING POINT?

The last chapter has only skimmed the surface of the phenomena that elemen-
tary particle physicistz expect to be discussed, quantitatively, in their own terms
before they will take a rival approach seriously. Since cosmalogy, condensed wmat-
ter physics, etc.ete_ete..... rest on the same foundations, and must confront much
richer experiential detail, a serious alternative appears to be hard to construct.,

Nevertheless, a start has been made.
4.1, MODELING METHODOLOGY FOR FRYSICS

The practice of physics cannot get off the ground without essential agreement
among the praciitioners as 1o what they arc about, how to go about it, and what
constitutes progress in their common elfort. Olten thisis clear enough to the “inside
group”, but in times of change the boundary shifts 1o include cthers. Then more
formal — and more discursive -- attention Lo these essential aspects of practice can
be helpful. Keep in mind that the basic presenting problem we are tackling is to

find a commen origin for the structure of both quantum mechanics and celativity.

We adopt David McGoveran's modeling methodology (Ref. 1), This has three

critical elements:

{1) an epistemological framework (“E-frame”), which is a set of loosely defined

agreements made explicit by those injecting information into the model formula-

tion-;' Gefwert'® would call this a practical understanding of physics;

(2) a representational framework (“R-frame™), which is an abstract formalism
consisting of a set of symbols and a set of rules for manipulation; to formulate such

a frame is, for Gelwert, to practice synlaz,
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(3) a procedural framework (*P-frame”), which is an algorithm that serves o
establish rules of correspondence between the observations agreed on in the £ -
(rame and the symbols of the R-frame. Gefwert would deseribe this activity as the
practice of semantics. Through recursion the P-frame serves to madify the rules of
carrespondence, the E-lrame and the R-frame until a sufficient level of agreemcent
concerning accuracy is achieved, ~ or the model fails. Kahn™ would call such a

failure a “crisis”, which in the fullness of time could lead to a “paradigm shift”.

Note that we halt the infinite regress of the analysis of terminolog» in con-
structive modeling by recognizing the epistemology. We deny the validity and the
value of any attempl to analyze “theory-laden” language. Such an analysis Jics
outside our task when we engage in generating a specific model. Attempting to
make such an analysis would require us to generate a model which would contain
the specific mode! as an instance. We ecannet do so within our methodology. Anal-
ysis of that sort would involve non-constructive methods: the analysi 1:ust work

from a specific model by generalization — having failed to construct the general

mede) first,

In an carlier paper'® we illustrated Gefwert's analysis of the role of the par-
licipator in a researcl program as is shown in figure 9. The comparivon with Me-
Goveran's madeling tuethodology (9) is supposed to bring oot the Facl that the
possible legal walks of the diagramn are the same, but that the research program
is cantained within the mechodolagy and thal the methodaology contains rontes
(arrows) that are outside the program. Thus the entry of the participator from a
direction outside the box, and of the empirical confrentation (represeated by Po-
scidon's trident W) from a different direction retmain the same; so does {he {act that

corroboration leaves the participator inside, while falsification takes lim outside,
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in yet another direction. The methodology implies itecation in the KP® or FRIP
sequence or any inter-leaving of such sequences. The practitioner {and hopefully
the reader of our papers) should keep on asking after cach iteration how far our
k-frame has gone toward expressing the aspects of couteruporary physics which b

can accept as a slarling point.

The modeling methodology presupposes that the communily adopting it con-

mits itself, individually and coliectively, to:

|. sgreement of cooperative communicalions
* commonly detined terms as fundamental
* fundamental vs. derived terms
* agreement of pertinence

2. agreement of intent

3. agreement on observations

4. agreement of explicit assumptions

5. The Razor
* agreement of minimal generality
.

agrecment of elegance

* agreement of parsimony

Qur agreed upon intent is to model the practice of physics. We take as funda.
mental the coamonly defined terms of laboratory physics, treating terms denoling,
nou-observables as derived or theoretical terms. We recognize that it is very un.
likely that agreoment on vhe distinction between observable and theoretical terms

can be reached before several passea through the whole scheme have been made,
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We {ake laboratory events as a sufficient set of observations to be modeled with-
out requiring the standard theoretical interpretation. We take as understood that
an experimental {laboratory) mreasurement may encempass mmany acts of observa-
tion. In other words, we are not commiitied to accepti the how and why of the

observations, only the shservations themselves, operationally understeod.
4.2. FIVE PRINCIPLES

In the last section we have spelied out our modeling methodology wilh more
attention to underlying ideas than physicists usually employ. We believe that this
methodology is close to that customarily employed by the best physicists. Where
we part company with staudard practice in contemporary theoretical physics —
angd much of the mathematice physicists gmploy— is that we reject, from the start,
the concept of the cont:’nuun']. Physics has always rested on counting when it came
to experiment; we are heing “canservative” in taking discrete, numerical practice

as our starting point,

The R-frame theory is constructed with the intent to meet the following five

principles:
Principle I: The theory possesses the property of strict finiteness.
Principle II: The theory possesses the property of discreteness.
Principle IIL: The theory pussesses the property of finite computability.
Principle IV: The theory possesses the property of absolute non-unigueness.
P'rinciple Vi The formalism used in the theory is strictly constructive,

McGoveran (Ref. 1) has chosen these five prnciples, and the order in which

they ate presented, with particular care; their current form came into exisience
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after an all day discussion of the theory with Kilmister, in which he remarked
“Thie reader should be warned that this is a damned subtle theory™. Since HPN
has never before known Clive { Kilmister) to use such strong language, this warnming
should be taken to heart, We will not attemipl here to give the precision to these
principles which matliematicians, philosophers and computer scientists cequing

consult McGoveran's discussion if you desire that!

A few casual remarks for physicists are in order. Tiniteness comes before
discreteness. This requires us to specily fn advance how far we intend to count;
there is alwaye some finite ordinal Nag,.. If we exceed this initial bound, ail
arguments must be re-examined. Finite computability requires all algerithms to
terminate within this Nagar and require no more memory for the storage of their
coding and results than can be bounded by some cardinal NlogaN + N. Absolute
non-uniquencss requires us Lo assign equal prior probabilities Lo cases in the absence
of further information; it also introduces indistinguishables whose cardinal number
can cxceed their ordinal nuinber. Strict constructivism puts vs firmly on one side
of many debates about the foundations of mathematics, All of these requirements
make sense to practicing computer scientists, and should also appeal to high energy
experimental physvicists who get frustrated by the vagueness of the “predictions”

their theoretical colleagues often make.

McGoveran goes on to use these principles in the construction of an erdermyg
aperalor calculus and a finite and discrete geamelry based on “derivates™ {i.e.
finite differences) rather than the derivatives of continuum theories. Since one
of us (DMcG) has broken new ground for the construction, and his methods are
unfamiliar, we do not attempt here to mateh his precision of theught This paper is

aimed at being “introductory”; unfortunately it cannot, under the circumstance,
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be “obvious”.

5. EVENTS, CONSERVATION LAWS, and “(anti-)PARTICLES”

Qur next task is Lo actually construct a sell-cansistent representational frame-
work which embodies our principles. As Gelwert would put it, we will now practice
synfaz. Our intenl is Lo reconcile quantum mechanics with relativity in a consis-
tent way, We should exercise care nol Lo introduce theory-laden Janguage into
the representational frame. The self-consistency must not rely on intuitive ideas
drawn from physics. 1 (HPN) fear that | have not succeeded in avoiding this trap
altogether; forty years of practicing theoretical physics in & conventional way has
Jeft me with some bad habits. The formalism presented here has been scrutinized
Kilmister and Bastin, who are more sensitive than HPN to this trap; they support

at least the essential aspects of the result.

5.1, THE COMBINATORIAL HIERARCHY

Historically, the line of research that has led to the resulls presented here began
with Eddington, and Bastin’s thin!. a5 about Eddingten's fundamental theary.
Bastin realized that when we go to the very large {distant galaxies, early Limes...) or
the very small (quantum events, elementary particles...) the information available
to us becomes extremely impoverished compared to the phenomena modeled by
classical physics. He cancluded that this fact should be reflected in the theory in

suchy a way that this restriction is respecied.

The route into the theory initially followed by Bastin and Kilmister concen-

trated on the problem of modeling discrete event«! 7 Ordered strings of zeros and
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ones gave a powerful starting point for analysing this problem. Attention even-
tually centered on the question of whether bit strings were the same or different.

Define a bil string by
(a)n = (-n by )ni BED L T€ 0,2, .0

An economical way to compare an ordered sequence of two distinet symbols with
other sequences of the same bit length is to use the operator XOR (“exclusive
or”, symmetric difference, addition {mod 2)= 43, OREX, ...). Since we sum (or
count) the 1's in the string to specify a measure we can treat the symbols “0",
“1" as integers and only in some contexts can we think of them as bils; hence
our “bit strings” can be more comjlicated concepiually than those encountered
in standard computer practicc. We therefore use the more gencral discrimination

operation “@", and a short hand notation for it. Define the symbol (ab), and the

discrimination operation & by
(ab)a = 5° @ 8P = (e (82 — 892, .00 = (o B0 42 8, .00

The name comes from the fact that tne same strings combined by discrimination
yield the null string, but when they differ and n > 2 they yicld a third distinct
string which differs {rom cither; thus the operation discrininates beiween Lwo

strings in the sense that it tells us whether they are Lhe same or different,



We define the nufl stemng (0)n by & = 0,1 € 1,2, 0 and the guli-null string
(1)p by 8! = L,i € 1,2,...,n. Since the operation & is only defined for strings
of the same length we can usually omit the subscript n without ambiguity. The

definition of diserimination implics that
{ea) = (0); {ab) = {ba); {{ab)c) = {albc}) = (abe)

and so on.

The importance of ciosure under Lhis operation was recognized by Johin Amson.
1t rests on the obvious fact that (¢(ad)) = {b) and so an. We say that any finite
and denumerable collection of strings, where all strings in the callection have a

dislinct tag i, j, k..., are discriminalely independent iff
(1) #(0) = (i) # (0), (i7k) # (0),..(ijk...) # (0)

We define a discriminately closed subset of non-null strings {{a),{$),...} as the
sel with a single non-null string as neauber or by the requirement thal mny two
different strings in the subset give another member of the subset on discrimination.

Then two discriminately independent strings generate three discriminately closed

subsels, namely
{{a)}. {(B)}s {(a),(b),(ab)}

Three diseriminately independent strings give seven discriminately closed subsets,

namely

{ta)}. {(®)}, {(e)}

{{a). (b), (at)}, {(8)(c)s(bel}, {(c),(a).(ca)}

3
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{(a), (&), (c), (ab), (bc), (ca), (ubc})

In fact z discriminately independent strings generate 27 — 1 discriminately closed
subsels because this is simply the number of ways one can take r distinct things

one, two, three,...,x at a time.

The discovery of the combinatorial hiv:ran:h:,',a was made by Parker-Rhodes
in 1961. The history is fast n:cedingm. 'rcdcr.ick (P-1R) did indeed generate the
sequence 3, 10, 137,2127 4136 =~ 1.7 % 10°8 in suspiciously acenrate agreement with
the “scale constanls” of physics. This was a genuine discovery; the lermination is
at least as significant! The sequence is simply (222 -1 =3),(3 =22 -1 =
7} 347 =10),(7= 27 —1 = 127) 10+ 127 = 137), (127 = 2'%7 - 1 = 1.7 x 10%).
The real problem is to find some “stop rule” that terminates the construction.

The original stop rule was due to Parker-Rhodes. He saw that if the discrim-
inately closed subsets at one level, treated as sets of vectors, could be mapped
by non-singular (so as nol to map onlo zero} square matrices having uniquely
those vectors as eigenvectors, and if tiese mapping malrices were themselves lin-
eazly independent, they could be rearranged as vectors and used as a basis for
the next level. In this way the first sequence is mapped by the second sequence
(2 =22 =4), (4 = 4 = 16), (16 = 162 = 256), {256 = 256%). The pro-
cess terminates because there are only 2562 = 65,536 = 6.5536 x 10Y d.i. ma-
trices available to map the fourth level, which are many too fow to map the
2197 _ 1 = ).7016... x 10% DCsS's of that level. By now there are many ways
to achieve and look at this construction and its termination®™ ™ The {unique)

comibinatorial hierarchy is exhibited in Table 2.
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5.2. THE LABEL-CONTENT SCHEMA

For some tune the only operation used in the theory was discrimination. Kilmis-
ter eventually realized that ane shauld also think about where the strings came
from in the first place, He mel this problem by introducing a second operation
which be called “generation”. As he and HP'N realized, this operation evenlually
generates a universe which goes beyond the bounds of the combinatarial hierarchy.
Once this happens, we can separate the strings into some finite initial segment that
represents an element of the hierarchy, which we call the latel, aud the partion of
the siring beyond the label which we now call the confent. It is clear that from
then on the content ensemble for each lahel grows in both number and length as
the gencration operation continues. Since il takes 243+ 74127=139 linearly inde-
pendent basis strings to construct the four levels of the combinatorial hierarchy,
the lahels will be of at least this length; if we use the mapping matrix construction,
they will be of length 256. Call this fized length L, the length of any content string
n. and the total length at any TICK (see next section) in the evolution of the
universe Ny = L + n. Then the strings will have the structure $2 = (L,)g]/(A%)n
wlere a designates some string of the 2127 4 136 which provide a represeutation
of the hierarchy and z designates one of the 2" possible strings of length n; the

symbol “}|™ denotes string concatenation.
5.3. PROGRAM UNIVERSE

In order to generate a universe of strings which grows, sequentially, in ci-
ther number (SU) or length (Ny) Mike Manthey and HUPN created program uni-
verse. Recently Manthey sealized that the eriterion we used to increase the string

length (TICK) was unjustifiably selective. The previously published version of the



pragraml®], called program wuiverse 1, is compared with Manthey's new propasal,
called program universe 2, in figure 10. A potentially significant effect of the change
is to allow the bit string uuiverse to contain, ephemerally in many cases, distinet
strings which are indistinguishable under discrimination. The difference between
PUI and PU2 does not affect anything in this paper, but might eventually provide
alternative cosmological models that make observationally different predictions.

The program is initiated by the arbitrary choice of two distinet bits, whicl
become the first two strings in the universe. Whether insisting that one be “0"
and Lthe other “1", as in done in the flow chart, rather than allowing hoth to
be arhitrary will eventually produce a significantly different cosmology (or choice
among cosmologies) at vur epoch is an open question.

Entering the main routine at PICK, we choose two strings (i) and (j) and
discriminate them: (ij) = (i) & (j). Whenever the two strings picked are identical,
{i7) = (D), and we go to TICK. TICK concawcnates a single bit, arbitrarily
chosen for each string, to the growing end, notes the increase in string length,
and the program returns to PICK. The alternative route, which occurs when
discrimination generates a non-null string, simply ADJOINs the uewly created
string to the universe, and the program returns to FICK.

In the older version we proved that TICK had 1o be “caused” (in the computer
simulation) either by the occurrence of the “3-event” configuration S @S58 S¢ =
Oy, or by the ronfiguration S* 5t ospsd = On,, which we called a *4-evemt”.
But this implied a uniqueness which has no known demonstrable counterpart in
evenls as modeled by contemporary physics; there can be many “simultancuns"
evanls. At ANPA 9 PN exteaded the deflaition of “event” o include alb cases

in which, at a given string length (or TICK}), 3 or 4 strings combine under dis-
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crimination to praduce Lhe null string. This definition of “event” is retained here,
but in Program Univeese 2 is no longer the “cause” af TICK. Insteal we TICK
whenever two strings “interact™ without producing any novelty. This is as close as
we need to get to defining what would be called a “point” in a continuum theory.
We will see in Section 6.2 that this construction of a “point” is consistent with
our development of Einstein synchronization, and hence, to the extent possible in
our discrete theory, consistent with the conventional use of the term “event” in

relativity theory.

The method Manthey and HPN used to “construct” the hierarchy is much sim-
pler than the original matrix consiruction given by Parker-Rhodes; in fact some
might call it “simple-minded”. The oljjection we naw find cogent is that the method
is non-constructive and hence violates our fundamental principles; new efforls tao
meet this cbjection are under way. Manthey and Noyes claimed that all we had
to do was to demenstrate explicitly (i.e. by providing the coding) that any run
of PROGRAM UNIVERSE contained (if we entered the program at appropriate
points during the sequence) all we needed to extract some representation of the hi-
erarchy and the label content scheme from the computer memory without affecting
the running of the program. {Subsequently DMcG has pointed cut that this way of
meeting the problem is not strictly constructive and should be replaced by a gener-
ation scheme that develops the hierarchy constructively.] The obvious intervention
point exists where a new string is generated, i.c. at ADJOIN. The subtlety here
is that if we assign the tag i 1o the string Ui} as a pointer Lo the spot in memory
where that string is stored, this pointes can be left unaltered from then on. It is of
course simply the integer vilue of ST+ 1 at the “time” in the siinulation [sequential

step in the execution of that rin of the progran) when Li.at memory slot was first
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needed. Of course we must take care in setting up the memory that all memory
slats are of length Nyey > Npr, Le. can accommadate the longest string we can
encounter during the (necessarily finite) time our budget will allow us to run the
program. Then, each time the program TICKs, , the bits which were present at
Lhat point in the sequential execulion of the program when the slot (] was first as-
signed will remain unaltered; only the growing head of the string will change. Thus
il the strings 4,7, k.... tagged by these slots are discriminately independent at the
time when the latest one is assigned, they will remain discriminately independent

from then on.

Once this is understood the coding Manthey and HPN gave for our labeling
routine should be easy to follow, We take the first two discriminately independent
strings and call these the basis vectors for fevel 1. The next veclor which is dis-
criminately independent of these two starts the basis array for level 2, which closes
when we have 3 basis vectors discriminately independent of each other and of the
basis for level 1, and 50 on until we have found exactly 2+ 3+7+127 discriminately
independent strings. The string length when this happens is then the label length
L; it remains fixed from then on. During this part of the construction we may have
encountered strings which were not discriminately independent of the others, which
up to now we could salely ignore. Now we make one maemmeth search through the
memory and assign each of these strings to one of the four levels of the hierarchy;,
it is easy to see that this assignment (if made sequentially passing through level 1

ta level 4) has to be unique.

From now on when the program generates a new string, we look at the st
{. bity and sece if they correspond to any label arrcady i wermory, I sa we assigu

the cantent string to the contenl ensemble carrying that label. 1T the new string
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also has a new label, we simply find (by upward seguential search as before) what
Jevel of the hicrarchy it belongs 1o and start a new labeled content ensemble.
RBecanse of discriminate elesure, the program must eventually generate 214 4136
distinct labels, which can be organized into Lhe four levels of the kierarchy. Once
this happens, the label set cannotl change, and the paramcters i for these labels
will retain an invariant significance no matter how long the program continues to
TICK. It is this invariance which will later provide us with the formal justification
for assigning an invariant mass parameter to each string. We emphasize once
more that what specific representation of the hierarchy we generate in this way is
irrelevant; any “run” of !’ROGRAM UNIVERSE wil) be good enough for us.
What was nof realized when this program was created was that this simple al-
gorithm provides us with the minimal elements needed to construct a finite particle
number scattering theory, the increase in the number of strings in the universe by
the creation of novel strings from discrimination is our replacement for the “parti-
cle creation” of quantum field theory. It is not the same, because it is both finite
and irreversible; it also changes the “state space™. Note that the string lenglh
Ny is simply the aumber of TiCKs that have occurred since the starl up of the
universe; Lhis order parameter is irreversible and monotonically increasing like the
cosmological *tme” of vonventional theories. Our events are unique, indivisible
and global, in the computer sense; consequently events cannol be localized, and

will be *supraluminally” correlaied.
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5.4, “VECTOR" CONSERVATION LAWS

So far we have a gross structure based on bit strings, and two operations which
generate them via a specific progran: (1} ADJOIN, whivh adjuins a not-ontl siring,
produced by discrimination to the extant bit string universe and (2) TICK which
increases the string lenglh by concatenating a single bit, arbitranty chosen for vach
string, at the growing end of each string. We have two kinds of connectivity which
result from this construction. Oneis the label-content schema. Once Lhe label basis
has closed under discrimination to form 2+3+7+127 linearly independent sirings,
program universe will necessarily generate some representation of Lhe combinatorjal
hierarchy at that label length; this will close with 3 4 7 + 127 + 2137 = ] labels
of that length. Once the label basis (and label string lengih) is fixed, program
universe assigns each novel content string to a specific label when it is created by
discrimination, and augments each content string by an arbitrary bit at each TICK.
The second is the connectivity between strings of the same length (i.e. “between
ticks”) which we have characterized as 3-vertices (abe)iyn = (0)p4n and 4-events
(abed)L4n = (0)f4n.

To come closer to what we need Jor physics in the sense of relating the (R-
frame) model to sneasurement (“counting”) in the laboratory, we necd to introduce
i quantitative measure and a norm for such measures. Once we hive done this,
we can introduce a third operation connecling bt strings (Minner prodact™) that

allows us 1o derive conservation laws. Define a tneasure ||rj| on (z} by

llzlf = ¥ioibf .z € u, by,

This is the usual Hamming measure. [z||/n is McOGoveran’s narmalized attribute
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distance relative the referenee etring (0) (8 = 0 for all i; |0 = 0), and (n — Iz /n

is the distance relative to the anti-null string (1) (&) = 1 for all &; [|1]] = n).
Consider a 3-verfer defined by {abe} = (D), or equivalently by flabell = 0.

Theorem . The measure jjz[f is a norm, ie.
(abc) = (0) =] Jla|| — &l 1= {lel] <| Yall + Nl6l} |y eyetic en a,b,¢

Argument: From the definition of discrimination, if we consider the three bits at
any ordered position i in the three strings of a three vertex, we can only havecither
one O snd two U's in the three sirings, or three 2eros. If the single zero is 82 =0,
cal] the number of times this ecenrs ny, (cyclic on a, b, ¢}, and the number of times

we hava three 0's ng. Clearly iy, + nica + ngp + 70 = 1 and ||a]| = n4; + nca, cyelic

on a, b, ¢, from which th: desired inequalities follow.

Note that this theorem depends on a computer memory. It is slatic in that
it depends only on a pariicelar type of conliguration that is *wired " by the
program. I is dynumic, in the sense that the Uiree strings are brought together as
a consequence of past sequences that are arbilrary from the point of view of the
local vertex. It is global in that any single thice-vertex (or Tour-event) could lead

to a TICK which affects the whole bit string universe.

If we now define the inner product < (z) - (y) > between two strings («) (h)

connected by a three vertex(abe) = (0) with the equality
2 < (a)- (B) »>= Hla)l® + 1B]IF - |'eli®

it follows immediately that
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Corvllary 1.1.

lad]|® =< («) - (ad) > + < (&) - (ab) >=< (ub) - (ab} >

falf’ =< (ab}- () > + < (b} - {a) >=< {a)- {a} >
6 =< (ab)- (&) > + < (a) - (b) >=< (B}~ (b) >

I( we define a §-verter by (abed) = (0), or equivalently by lubed]] = 0, with an

obvious extension of the notation it also follows that

Theorem 2.

{abed) = (0) = |la]| = |lbed]|, cyclic on abed

lladl| = lled]l; llac]| = [|2t}j; llad]] = [|bc)
Argument: (abed) = (0) = (abe) = (d), ete. and = {(ab) = (ed) vte., from which
the result follows.

Corollary £.1. For any pair taken from the ensemble abed the appropriate version

of Cortrolary 1.1 follows.

Corollary 2.2
< (@) - (cd) 2 + < () (ed) >= Yablj? = fjedfi? =< (c} - {ab) > + < {d) - {ub) >

and so on for any of the three pairs. It follows that we can put two three events
together 1o make a four event in the six different ways required by 2-2 crossing, as

discussed in our presentation of the praclice of particle physics.
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As Kilmister lias pointed out to us, this is not sufficient for us to go from
these results and our eatlier definition of the inner product to the conclusion that

a 4-vertex defines the vector conservation law
d+b+7f+d=0

in all cases. Fortunately, all we need fur the physics we develop below is the 2-
2 crossing in observable events, which dees follow from what we have developed
abave when clothed with tiie appropriate rules of correspondence; that is, we can

justify what, in a vector theory would be writlen as the three interpretations

-

i+b=c+d a+c=b+d da+d=b+¢
Since a 4-vertex (abed) = (0) can be decosn:posed in seven different ways, namely
(ab) &= (ed); (ac) = (bd); (ad) = (be)

(a) = (bed); (5} = (edu); (¢) = (dab); (d) = {abe)

we can — under appropriate circumstances—still make seven different temporally
ordered interpretations of the single 4-vertex given above: Uiree {2,2) channels, four
(4.1) channels and the unobseevable 1,0) channel. Note that all cight relationslips

are genereled by one 4-vertex.
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5.5. THE STANDARD MODEL FOR QUARKS AND LEPTONS US.
ING COMBINATORIAL HIERARCHY LABELS

Our next step is to recall Lhat we can always separate o« string inlo Lwo aliings
(@)r4n = (La)L]|{Aa)n where “|I™ denotes string concatenation. We cali the first
picce the lgbel and the sxcond the content. There is a simple correlation between the
two pieces. If we take some content string Aq and call its velocity 8, = 2[[Aq||/u—1,
the string (el) has 1he opposite velocity. Further, if we use the string (a) as
the relerence string for a coaservation law defined by the inzer product relations
given above, the reversal of the velocity aclieved by discrimination with the anti-
null string can be correlated with the definition of label quantum numbers and
conservation laws in such a way that physicall; bservable crossing synunetry is
respected. Then the theory is invariant under the arbitrary choice of reference
direction,

It can be seen that the string for which both label and address are the anti-null
string plays a special role in the theory, since il specifies the relationship between
particle and anti-particle, and interacts with everything whether it is massive or
massless. Since it is unique among the 2127 + 136 labels, it is readily identified as
the Newtonian gravitational interaction. It is the only level 4 label we will refer o
explicitly, for reasons discnssed below,

Physical interpretation of the labels naturally starts with the simplest struc-
tures, which are the weak and clectromagnetic interactions. We can get guite a
long way just by looking at the Jeading terms in a perturbation theory in powers
of e2/hc = 1/137 for quantum electrodynamics and of (7p = ID"/mﬁ for the
low energy weak inleractions such as beta decay. As Lee and Yang saw, if the

neutrino is massless and chiral, the Fermi J-decay theory will violate parity con-
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servation maximally; this is still the simplest accurate description of low cnergy

weak interactions.

Since level 1 has only two basic entilies, we identify these with the neutrino
v and the anti-neutrino 7. One might think that their closure would be the zero
helicity component of the spin 1 neutral weak boson 2%, but if we take the neutrinos
to be massless, and hence their content strings to be null or antinull, they cannot
form a 3-vertex with a massive particle. Actually the Zp and W must couple to
all of the first three levels and hence must be assigned to level 4, which we are
not attempting to mode} in detail in this article. Further, although massive, they
are also unstable — as are all massive level 4 entities — and hence require us to
go beyond the simple modeling of Yukawa vertices for stable, elementary particles
developed in this article. If we follow the usua) convention of defining the chirality
of the neutrino as “left-handed”, once we have added content strings and defined
directions, we still need a canvenation as to whether the label is ta be concatenated
with the string (1), with velocity +¢, or the siring (0),, with velocity ~c. We
can take the bit string state (vglren = (1)L|[{1)n and the right-handed {i.c.
anti-) neutrino (¥R)z4n = (7,)L{(0)n. Then if we use a representation in which
(v} = (1¥))z, the Feynman rules will be obeyed. The vertex can be interpreted
as the gravitational interaction of a neutrino or an anti-neutrino. Note that for
massless particles (8 = tc), we cannot specify a direction until we connect them
to slower particles whose directions can be assigned. Thus we are forced to adapt
a Whecler-Feynman type of theory in which all massless “radiation” emitted by

charged particles must be absorbed.

Interpretation of level 2 as modeling the vertices of quantum electrodynamics

for electrons, positrons and photons follows the following scheme. We take as the
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linearly independent basis strings (e} ), (e3 }.{I"aa) and deline the non-null string
which guarantees their independence as (T} = (e} ey Tar). The remaining 3 label

strings which close Jevel 2 are then defined by

(ep) = (Teex )i (e5) = (Teed )i (Tpp) = (IeTa)

We take the same convention for positive direction and chirality a3 we did for level
1, using the negative, left handed cleclron as our reference string and the veloeity
'B'I = 2"’:;/“ — 1 as poditive when this number is positive. The physical states,

where we omit the subscripls on 3, are then given by

(Yedi+n = (Tehel{Dhn; (e7) = (ex)N{—B)n; (e]) = (eX)(-B)n

(ek) = (eD){Bn = (1.} (eg) = (e )(B)n = (e}

(YRR) = (Top)ll{L)ni (veL} = (Taa)ll{0)n = (ver2R)

and the Feynman rules are obeyed for all 3-vertices.

The 4-vertex (€817:) = (0) cannot be readily discussed until we have the
configuration space theory nailed down. It is rclated to our finite treatment of
Bremstrahlung in a “coulomb field”. The vertex {yrrvrry) = (0) would seem Lo
imply an interaction between photens and Lhe “coulomb field”, — a vertex that
vanishes in the conventional theory because of the masslessness of the photon and

gauge invariance.
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A related problem arises with the vertices implied by our connection between

particles and anti-particles, namely
(v7l) = (0); (eel) = (0): (¥71} =C

A little thought shows that such vertices will occur for any particle-antiparticle pair.
Hence the anti-null label string “interacts™ with everything and must be assigned
to level 4. This uniqgue label string, which occurs with probability 1/(287 4 136},
is identified with Newtonian gravitation, It leads to the bending of light in a
“gravitational field”. Of course, to get the experimentally observed result, we will
have to identify the “spin 2" gravitons as well, and show that they double this
deflection.

We conclude this chapter by identifying the level 3 sttucture with the quarks
and gluons of quantum chroinedynamics. This discussion follows along the lines al-
ready laid down in discussing the first two levels. We take as our basis Jabel strings
a quark part (ut),{u~),{d?) or (d~) concatenated with a color part (r), (¥).(b)
which gives us the seven independent strings needed to form level 3. The color

strings are linearly independent, so we can define (analogous io what we did at
level 2)

(rud) = (w); (F) = (rw); (§) = (yw); (&) = (Suw)
(rom which it follows that
(ryl) = (0 (+gb) = (O) (Fyb) = (0); (Fyb) = In)
Siwmilarly, the linear independence of the quark parts allows us 1o define
(utemd*d™) = (@) (§) = (4Q).g € w? u™ . d”
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Then a calored quark label (gF) = (g%)l(c) and a colored gluon label {yc) =
(@(e), ¢ € ryy, b, allow us to recognize the label part of the Yukawa vertex
for QCD as (96,7, 9¢;) = (0). The essentin} point here is that, as proved above,
(c1¢2¢3) = (D) for any three distinct colors. We can then attach content labels and
helicity in the same way as we did in QED, and once again the Feynman rules
apply. Any one familiar with lowest order QCD can now immediately derive [rom
our formalism the “valence quark” structure of the proton and ncutron in terms
of three quarks, and the structure of the x, p and w in terms of auark-antiquark
pairs. In contrast to the level 2 situation, lhe three gluon vertex docs not vanish,
and implies a 4-gluon vertex. So we find that we have constructed all the lowest

order vertices of QCD with the correct conservation laws.

The problem of “color confinement™ is salved, in principle, by McGoveran’s
Thcorcm?"% i.e. the conclusion that in any finite and discrete theor: there can
be no more than three “homogeneous and isotropic dimensions” that remain indis-
tinguishable as the (finite and discrete} cardinals and ordinals keep on increasing,
{We discuss this theorem with more care in Section 6.1.) Because our labels are
tied Lo contents, and hence via the counter paradigm to macroscopic directions,
we can only have three quantum number “dimensions” asymptotically, These are
saturated Ly the three absolulely (so far as we know currently) conserved nuan-
tum numbers: lepton nv mber, boryon number and charge (ur *z-componznt™ of
isospin), leaving no voom for free quarks or gluons conserving asymptiotic “color
charge™. They can oceur at short distance as degrees of freedo: in the scattering
theory — as we showed above — but eventually they have to “compactify™ and
become distinguishable from free particle quantmn nusibers. We can conelude Lhis

immediately without any detailed dyramical argument.
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6. COMPARISON WITH EXPERIMENT

We use the traditional phrase for the title of this chapter. In McGoveran’s
terminology, we provide here the rules of corresponaonce, »r a procedural frame-
work by means of which we can connect our forinal representational framework
(Gefwert's syntaz) developed in the last chapter to the informal epistemological
framework — the practice of experimental anud theoretical physics in the labora-
tory — whicli it is cur intent Lo mode). In so doing we provide meaning, or, as

Gefwert would put it, practice semantics.
6.1. THE COUNTER PARADIGM

Bastin has insisted for decades that the primal contact belween a (computable)
formalism and the empirical “world™ can only be made once. This was a basic
reason why he and Kilmister /617 fastened on steps of a scaticting process as
a likely point al which to investigate the connection between finite mathematics
and physical theory. HPN started thinking of the elementary scattering process as
fundamental thank: to his early involvement in Chew’s S-Matrix theory; for him
this gave specific content to Bridgman's operationalism and Heisenberg's very early
ideas. At ANPA 2 and 3 some of us saw that Stein's “random walk” derivation of
the Lorentz transformation and the Uncertainty Principle26 must sumehow connect

to scattering processes; others recognized the seminal nature of his work because

of his ontological viewpoini.

The specific genesis of the “counter paradigin” occurred afier HPN's presenta-
.27 . . .

tion®” at the conference hanoring deBroglic's 90 birthday. Fortunately, HPN had

an opportunity to start warking on the final version of that paper % in consultation

with Ted Bastin before it was published, HPN realized that if ke thought of Stein's
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“random walk” as a model for two sequential events in Lwo spatially separated lab.
oratory counters with the discrete step length being the deBroglie relativistic phase
wavelength that, by representing Stein’s random walks as bit strings with the bit
I taken as a step toward the final counter and the bit zero a step away from it,
he had the right point of contact between the bit strings used in the combinatorial

hierarchy and the start of a scattering theory.

So far we bave only discussed 3- and d-vertices for a lixed value of i, Bat
cach time program universe TICKs, each content string in eachi labeled ensemnble
acquires an arbitrary bit at the growing end. In the absence of further information,
each content string therefore represents a sequence of Bernoulli trials with 0 and |
representing the two possibilitics. This has an extremely important consequenice,
which we call McGoveran’s Theoremi?425), As has been noted by Feller?® if we have
D independent sequences of Bernoulli trials, (he probability that after n trials we
will bave accumulated the same number (£) of 1's is pp{n) = (Fr)E}.,(2)°. He
then shows that the probability that this situation will repeat N times is strictly
hounded by

Pp(N¥) =5 pp(n) < [%]-i;fr_l,dw—n

Consequently for D = 2,3, where pp{n) < n=¥,n=!, such repctitions can keep on
occurring wilh finite probability, but {or four or more independent sequences, thia

probability is strictly bounded by zeio in the sznse of the law of large numbers,

McGoveran uses finite attributes, whick can always be mapped onto ordered
strings of zeros and ones, as the starting point jor his ordering operator calculus.
As is discussed in more detail in Rel.l, these can be used to construct a finite and

discrete metric space. In order to introduce the concept of dimensionalily into
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this space, he notes thet we need some metric criterion that does not in any way
distinguish one dimension from another. (In a continuuin theory, we would call this
e property of “homogeneity and isolropy™; we sieed Lo our theory (or the sane
reason Binstein did in his development of special relativity,) McGoverau discovered
that by interpreting Ui coincidences n = 1,2, .., N ia Feller’s construction as
“metric marks” the metric space so constructed has precisely Lhe discrete property
corresponding to “homogeneity and isoiropy” as just defined. Cousequently Feller's
result shows thal in eny linite and discrete theory, the number of imdependent
“homogeneous and isatropic” dimensions is bounded by three! If we start from a
layger numbec ofjnd(ependunt dimensions using any discrete and finite generating
process for the attributle ensembles, we find that the metric will, for large numbers,
continueto apply to only three of them, and that what may havelooked like another
dimension is not; the probability of generating the next “metric” mark in any of

the athers (let alone all of them) is strictly bounded by 1/N3r4x!

Of course the argument depends on the theory containing a universal order-
ing operafor which is isomorphic to the ordinal integers. Further, since we know
empirically that “elementary particl:s” are chiral, we will need threc rather than
two “spactal” dimensions. Thus any discrete and finite theory such as ours when
applicd to physics must he globaily described by three dimensions and a monoton-
ically increasing order parameter. Consequently we are justified in constructing a
*rule of correspondence” for aur theary which connects the large number propecties

of our R-frame to laboratory (E-frame) 3 + 1 space-time.

We begin with the paradigmatic case of a single particle entering a space-time
volume (detector) AVAT, causing a count, and a time T later entering a second

detector with similar resolution a macroscopic distaace L from the first and causing
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a second count. We then say that the (average) velocily of the particle between
the two detectors is V = LT, empirically this number is always less than or
indistinguishable [rom Lhe limiting velocity e

This language is well understood by the particle physics experinsentalist, but
raises a number of probletna for others. To begin wilth be uses “cavse™ i a philu-
sophically vague but methedologically precise sense, which includes a host of prac-

tical experience about “background”, “spurious counts”, “renl counts”, “goofs®,

“GOK's” (i.c. “God only knows”),....

The actual practice of experimental particle physics implies the concept of
indislinguishability in a critical way; the experimentalist uses, often without con-
scious analysis, finite collections whose cardinal number may exceed their ordinal
number; this fact is diagnostic for sorts that are not reducible to setsf?%, To put
it more formally in terms of “background” and “counts”, in the absence of a con-
structive definition of the two subsets — which is often unavailable in practice, and
in our theory we would claim can be unavailable in principle — the two collections

are so.-ls rather than sets.

The rule of correspondence in the counter paradigm case (two sequential counls
spatially separated) applies to a labeled string with label L, which at Lthe TICK
with the content string length np was part of a J- or 4-vertex and again part of
a vertex at content string length ng 4+ n,, AND WHICH IS APPROPRIATELY
ASSIGNED TQ THEORETICALLY RELEVANT DATA RATHER THAN TO
BACKGROUND. We ask how many 1's were added to the content string; we call
these k5. We identify the (average) laboratory velocity of the particle (V = L/T}
with the R-frame quantity by Lhe equation V = (?,T": —1)e. The sign of this velocity

defines the positive or negative sense of the direction between the counters in the
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laboratory (or visa versa: a choice must be made once). Since the evolution of
the bit string universe will provide many candidates for the strings which meet
these criteria within the time and space resolution of the counters, we will have to

provide more and more precise definitions of Lhese criteria as the analysis develops.

6.2, EVENT-BASED COORDINATES and THE LORENTZ TRANS-
FORMATIONS

As is discussed wilh inuch more care in Reference 1, any theory satisfying
our principles can be mapped onto ensembles of bit strings simply because, with
respect to any attribute, we can say whether a collection has that attribute or does
not. To introduce a metric, we need a distance function relative to some reference
ensemble. Because of our finite and discrete principles, any allowed program can
only take a finite number of steps to bring any ensemble into local isomorphism
with the reference ensemble in respect to that atiribute. Note that there can be
many atiributes, many distance functions and that the space can be multiply
connected. Note that this definilion also provides a (dicholomous, eg ) sense to
the computatjor. steps: they must increase the attribute distance or decrease it.
Calling the number of increments I and the number of decrements D, using a well
defined computational procedure, the attribute distance is, clearly, 4 = 7 — D,
and the tota) number of steps N = [ + D. Then we can also define the attribute
velocity with which the two ensembles are “separating” or “coming together” vy =
(£ = DI + D). Thus there always is a “laniting velocity” for each attribute,

which is attained when all steps are taken in the same direction,

If we wish to madel the events of which contemporary physics takes cognizance,

we know that all physical attributes are directly or indirectly coupled to electro-
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magnetism. Therefore the limiting velocity of physics, €, will be the smallest of
these limiting attributle velocities simply because it refers to the atlribute with
the maximum cardinality. Any ensemble of attributes specified by a more limited
description invelves a "supraluminal® velocity without allowing supraluminal comn-
munication of information. Hence we ¢an expect to find correlation between and
synchronization of events in space-like separated regions; [com our discrete point of
view the existence of the effects demonstrated in Aspect’s and other EPR-Bohm ex-
periments is anticipated and in no way paradoxical. We guarantee Einstein locality

for causal events, that is for those initiated by the transfer of physicai information®’

In order to go from this general proof of the limiting velocity to the labora-
tory practice of relativistic particle quantum mechanics, we need a more specific
formalism than the general derivation given in Ref. 1. We start from the 3- and
4- vertices already mentioned and consider how they can be used to model the
“laboratory” situation given in figure 11, The initial 4-vertex (abed)gin, = 0 is
followed sequentially by 5 vertices involving “soft” photons, as is explained below.
In the laboratary neither vertices, nor elementary events nor soft photons can be
observed; limiting cases in which the disturbance caused by the firing of counters
connected with these § events is negligibly smal! are easy to envisage. We use a
specific example of labels that can, if we wish, be given a specific interpretation in

which particles g, b, ¢ have spin %— and the photons have left or right spin 1 helicity.

We assume that it takes n; TICKs of program universe beyond L + np to
generate the strings involved in the % event. Since all strings will have the portion
through content string length rg unaltered, we need use only these refative values:

n; = Ny\i) - L — ng and the corresponding terminal pieces of the strings for our
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contents. For Event 1, we take the Lhree strings to be

(a) = (1000)](A$)n,; (a') = {O100)]{AT)n,3 (F) = (1100)(}(0)n,

Heuce (aa'F) = (0) defines a J-vertex in which the velocity of a does vot change;
we could call it a “soft photan”™ vertex. By crossing (ef. Sections 3.1 and 5.5 above)
this also can be interpreted as a vertex in which a flips its spin and emits a photon
with the appropriate helicity, i.e. {7) = (0011){{1)p,. 'The laboratory direction
between events 1 and 2 then defines the reference direction for all subsequent

discussion. The remaining vertices can be consistently represented by using

(8) = (1000)][(A3}uas (7) = (OO11)H(L)my = (8') = (O111)][(AS)r,

(') = (1100}[{(1}n,

() = (1000}[|( A3)ns; (7'} = (1100)II(1)ny; (€') = (ON11)]|(AS)a,
(7') = (0011)]](0)ns

') = OUDI(AD e () = ©O11)}(0)a,; (8) = (1000))(A ),
(¥) = (1100){1(0)s,

(a') = (0100)([{ AL Ynys (a") = (1000II( AL Yy (F) = (1300)}I(O)n,

We now trust thal our rule of correspondence between 3- and 4- vertices and a stan-

dard “laboratory” situation used in the derivation of the Lorentz transformations

is clear.
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For simplicity, we consider here that particle a is, on the average, “al cost”

belween events B, 1 and between events 1, 5:
kg = nof2; A} =nyf2; k= ny/f2

We also assume, again on lke average, that & and ¢ have constanl velocity over Lhe

appropriate intervals:

By =2kbng —1 =28 ny - 1 = 2$/ny =1

Be = B =2 ng — 1 = 2k ny — 1

Our next simplification is to assume that all the events lie on a single “line”,
reducing this to a 141 dimensional problem. None of these simplifications are

needed, as can be seen from the gencral discussion in Ref ).

In conventional terms, we are asking the question of how the coordinates
of an event at * = fct in one coordinate gystem (the one in which particle
¢ is at rest) transform to the coordinate system in which particle & is at rest.
We are forced by our principles to assume, as in conventional ircatments, that the
velacity of light is the same in all coordinate systems and that the time at which
event 3 occurs is the average between when the light signal that defines event 3
was emitted by a and returns to it. Intraducing a parameter with the dimensions
of length, whose value we will discuss later, these statements follow immediately

from the definitions of atiribute distance and velocity, since
zfA=2k—nicdfr=n;8=(2k/n) -1

for any particle, and k = 0 or n specifies a connection with the linaiting velocity for
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any set of strings. This is even clearer when we introduce “light cone” coordinates:
de=u4(2hk-—n)=2d_=n—(2k—n)=2n-1%)

The relationship between the twa descriptions is illusteated in figure 12.

One way to derive the Lorentz transformations is to require that the interval

s between events 0 and 3 be invariant, where
S/ = (P2 — 2B X = a® = (2k - n)* = 4k(n — k)
In light cone coordinates this relationship becomes
diod_ = 4k(n = k) = 62}A%
which makes one way of insuring the invariance requirement particularly simple,
namely
¥=pkn' =k =pn-k)=(n - )= 48k(n k)
Note that if we are 1o compare the integer bit string coordinates, this restricts &' to
be a rational multiple of k. One of the great successes of our theory is precisely this

vestriction that keeps events an integral number of deBroglie wavelengths apart. A

fundamental explanation of why our theory can contain “interference” phenomena

starts here.

If we now note that
di = (1 8)n
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the invariance requirement gives us that

(K/R)[(m - &)/ (0" = K] = o = [(1 4 'YL+ AN = /() + )

Hence
Be=(8' - B)/(1—BB) & p° = [1 + B,)/1) — Ba)

From the fact that when transforming from a system at rest (dy/d- = 1),we see
that the relalive velocity between the two systems is simply 8,. We have derived
the velocity composition law for rational fraction velocities in any system. Tom
Etter arrived at this camposition law for attribute velocitics on general graunds,

as is discussed in Rel.1l. With
7={1/2)[p + p7]

we have that

=z +Bpct): ' =4(ct + foz) QED

6.3. QUANTUM MECHANICS

Program universe provides an fnvariant significance for the label strings, once
they close (in some length with at least 139 bits) to form some basis lor some
realization of the combinatorial hierarchy. For each of the 2!27 4 136 labels Ly we
can assign a dimensional parameter A§ which is the step length when the particle is
“at rest”, i.e. when, on the average 2k, = n,. Since program universc increases the
string length one arbitrary bil at a time, this requirement can at best be satisfied

only at every other step. We have secin that when all stepa are in the same direction
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'
(i.e. when the content string is either the null string or the anti-null string), this
corresponds to a “light sigual™. In any string evolulion all steps are cxecuted at the
limiting velocity ¢ - a finite and discrete “zitterbewegung”. The invariance of Y
allows us to associale with cach label an invariant parameter with the dimensions
of mass wf, and relate the Lvo by M = Rfmbe, where b is a universal constant
with the dimensions of action. We will now shaw that & can, indeed, be identified

with Planck’s constant.

"The extension of our Lorentz translormations to momentum space is now im-
mediate. We simply define ££ = qmec?,p = ¥8mec. For py = Efcx p we have
that pyp- = mic?, py/p- = kf(n = k) and 4(pyz_ 4 p_z4) = Bt — pr. The jus-
tification of calling this “momentum” is more than definitional; we showed above

that 3- and 4- vertices support “vector” conservation laws and “crossing symme-
Lry”. We have J-momentum conservation in any allowed event-based reference
frame. Clearly mgchy = b = £hfe in any allowed coardinate system, and we
have recovered the initial identification of the siep lepglh in the “random walk”
as A = hc/E, the deBroglie phase wavelength with which our initial statement
of Lthe “counter paradigm” began. We can now derive the quantum mechanical

commutation relations from our model.

We nate that if we consider a system that evolves with constant velocity o =

I

2ofne = 1, etrings which grow subject 1o this constraint, i.e. n = npny, bk =
nrke,l £ nr < nfnp will have a periodicity T = npAt = npAfe specilying the
events in which this condition can be met. Hence, in more complicated situations
where there can be more than one “path” connecting strings with the same velocity

ta a single event, this event can occur only when the paths differ by an iniegral

number of “d-wavelengths™ A, Thus our construclion already contains the secds of
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“interference” and a conceplual explanation of the “double slit experiment”.

We have already scen that any system with “constant velocity” - at those
“ticks” when events can occur - evolves by discrete sleps £, in 7 = q, betwen
ticks, McGoveran's ordering operator calculuslt] which specifies the connectivity
between events allows these discrete happenings Lo occur in a void where space and
tire are meaningless. Since AfAl = ¢, each step accurs forward or backward with
the limiting velocity. Thus we deduce a discrete Zitterbewegung from our theory.
If we think of this as a “trajectory” in the pg phase space, each time step induces
astep £ in g correlated with a step £mein p. Even in the case of a particie “al
rest”, this must be followed by two steps of Lthe opposite sign to return the system
to “rest”. Thus there is, minimally, a four-fold symmetry Lo the “trajectory™ in
phase space corresponding Lo the generation periodicity we discovered above.

If we now recall from classical mechanics® that for any momentum which ix
4 constant of the motion we can transform to angle and action variables with
$ pydyy = J where J has the dimensions of action, py = J/2r and ¢y is cyclic,
we have an immediate interpretation. In the classical case the “period™ goes to
infinity for a free particle; for us we have already seen that we have a finite period
T = Afc. Therefore we can immediately identily machs = J = nph; we have
constructed Bohr-Sommerfeld quantization within our theory.

To go on to the commutation relations, we can replace the geometrical de-
scription of periodic trajectories in phase space by using complex coordinates
z = {q,ip) [or by {(gs,inTh/2x)}), where g is restricted to 2n + 1 values with
~nT < n < +np. Then the steps around the cycle in the order gpgp are pro-
portional to £2x(l,i,—1,—1) where £ depends on whether the first step is in the

positive or negative direction or equivalently whether the circulation is counter-
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clockwise or clockwise. We have now shown wiyy p — pg = Lih for {ree particles
in our theory; this result holds for any theory satizlying our principles which uses

a disérete free particle basis.

In order to go to a detailed three dimensional description, we must supply three
discriminately independent reference strings, define inner products with respect to
them (cf. Section 5.4) and go to a “coordinate” description. There will then be
three independent periodicities (velocities and momenta) which will commute with
cach other but not with their conjugate position variable, The commutation re-
lations for angular momentum follow immediately. Since this has already been
showan in quile general terins in Ref. 1, we will leave the details to future publi-

cations. An alternative is to develap the “radial coordinate” (n,l,m) description

using “bound states” as the basis.

Now that we have two (h and c) of the three dimensional constants needed
to connect a fundamental theory to experiment in the 3-space in which pliysies
operates, and which we have proved must be the asympiotic space of our theory,
all that remains is to determine the unit of mass. But this has already been done
far us by the combinatorial hicrarchy result 2127 4136 ~ 1.7 % 10% o~ hc/Gmg =
(Mpianer/mp)? which tells us thst we can either identify the unit of mass in the
theory as the proton mass, in which case we can calculate (to about 1 % in this
first approximation) Newttn's gravitational constant, or if we take the Planck masa
as fundamental, calculate the proton mass. From now on we have to compute
everything else. If we Gil to agree with experiment to the appropriate accoracy

(one of the sules of correspondence!), we must cither revise or abandon the theory.
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6.4. A DISCRETE MODEL FOR THE BOHR ATOM

We have scen that any bit string has the deBroghie periodicity h/mc® for each
digital “time step” An = 1, and that when it evolves with “constant velocity™
also has the longer digital period ne connccted to the velecity by § = 24g/ng — 1
at each finite “position” NpanoB = Npp(2ko — ng) where an event can (but need
not) occur after the initial vertex at Np, = 0. We define Akg = ko ~ na/2 and
hence § = Akgfng. Only one integer can be added to the string at cach step. This
musi happen Aky times before the periodic pattern can be campleted. Therefore
the number of step lengths in the periodic pallern — tlie coherence length -
is no = 1/B. Since, as we saw above, the step length is A = kc/E, we find
that the coherence length required for periadic phenomena at constaut velocity is
Ay = hc/BE = k/p.

By adding o constraint representing a second periodicity we can now model
the periodicity representing a “closed orbit around some fixed center”. Clearly this
periodicity must use the coherence length derived above il we are to have a stable,
repeating, patiern that starts from some “origin” and closes after Vg coherence
lengths. This model, which only describes the average “motion”, will persist from
the time when we stard the model off to the time when some vertex — for example
the absorpticn of a “hard™ photon — ends the finite sequence of periods, Of course
this can only accur at one of the positions allowed for events. In the average sense
we can image this “trajectory” as a regular polygon with Np sides of length A,
Vith the usual “geometrical” image in mind, we call the distance traversed in this
period “2x "= Nply and hence mvi} = Ngh. Afficionados of Lhe early history
of quantuin mechanics will recognize that we hiave constructed a digital version of

deBroglie’s analysis of the geometry of the Bohr atom, and produced a reason for
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angular momentum quantization. For the meaning of “x” in a discrete and finite

theory, refer to the discussion in Rel. 1.

Although this part of the derivation of the Bohr atom should be reasonably
familiar, our introduction of the “electromagunetic interaction” will be radically
different from the conventional approach. We have seen above that the coulomb
interaction is represenied by only 1 out of 137 labels in the combinatorial hierar-
chy construction, and that strings evolve by the arbitrary selection of strings from
memory 1o calculate the:vcrtices; thanks Lo the counter paradigm, these vertices
have now become “events”. In the case at hand, 136 of these choices can only pro-
vide a “background” which will cause fluctuations of the position of our particle; on
the average these must cancel out. Only once in 137 times will the step correspond
1o the vertex that serves lo keep the particle in its orbil, We can think of this
as happening at the vertices of the polygon, i.e. Ng times in one full period. So,
compared to the basic evolution time, we find thal for this electromagnetic orhit,
B = 1J13TNp. Making the hierarchy identification 137 = kefe?, our quantization
condition derived above then gives us the standard result ## = NA® fme?, and an

explanation of the old puzzle of why the Bohr radius is [37 times the Compton

wavelength!

To calculate the binding energy, consider the energy change between this av-
crage motion and the particle at rest caused, for example by the emission or ab-
sorption of a photon. We must use the average velocity because, in the absence
ol other information, we cannot know *“where” in the orbit the interaction occurs.
Our theory can readily accommodate emission and absorption of photons, conserv-
ing hoth mommentum and energy, as we have seen in oue derivation of the Lorentz

yransformations, and can include the usual recoll correction if we so desire, Thus,
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we argue that the binding energy ey, is related to the velocity sy, = [[/13TNg

by (enp + moct)? = m3et /() - ﬁ}ﬁ) from which al) the usnal results for Lhe I3ohr

atom follow to order #2.
6.5. SCATTERING THEORY

To construcl a scattering theory, we need Lo provide the conneclivity be
tween events. To obtuin a statistical connection between events, we start from
our counter paradigm, and note that because ol the macroscopic size of labora-
tory counters, there will always be some uncertainty AfS in measured velocitics,
reflected in our integers £, by Ak = INAB > 0. A measurement which gives
a value of A outside this interval will have to be interpreted as a result of some
scattering that occurred among the TICK's that separate the event (firing of the
exit counter in the counter telescope that measures the initial value of § = fy

to accuracy AfS) which defines the problem and the event which terminates the
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“free particle propagation”™; we must exclude such observable scatierings from con-

sideration.

What we are ini.cms!ml in is the probability distribution of finding two values
k, &' within this allowed interval, and how this correlated probability changes as
we lick away. If & = &' it is clear that, when we start, both lie in the interval of
integral length 2Ak abaul the central value &g = %(l + fg). When k # & the

interval in which both can lie will be smaller, and will be given by

[(k+ Ak) = (&' — AFk)] = 28k — (k' - k)

when ¥ > k or by 2Ak + (&' ~ k} in the other case. Consequently the correlated
probability of encountering both & and &' in the “window” defined by the velocity
resclution, normalized Lo unity when they are the same, is f(k, k') = %’g—%}g,
where the positive sign corresponds to k' > k. The correlated probability of finding
two values kr, M after T ticks in an event with the same labels and same normal-
ization is k’:", . This is 1 if &' = &k and ¥p = kr. However, when &' # k, a little

algebra allows us to write this ratio as

1 F 2|Ak'—_dl:r[ -+ ‘%'tﬁ‘;

If the second measurement has the same velocity resolution A as the first, since

T > 0 we have that Abr < Ak, Thus, if we start with some specified spread
of events corresponding to laboratory boundary couditions, and tick away, the
fraction of coanected events we ueed copsider dimminishes. I we pow ask for

the correlated prabability of finding the value 8’ starting from the value § for
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the sharp resolution approximation (i.e. ignoring lerms smaller than 1/T or pro-
poertional to 1/T and smaller) this is 1 if # = §' and bounded by +1/T otherwise,
That is we have shown that in our theory a free particle propagates with constant
velocity with ovcrwhe_lming probability - our version of NewLlon’s first law, and

Descartes’ principle of inertia,

Were it not for the &, the propagator in a continuum theory would simply be a
§-lunction. In our theory we have already established relativistic “point particle”
scattering kinematics for discrete and finite vertices connecting finite strings. We
also showed that the order in which we specify position and velocity introduces a
sign that depends on which velocity is greater, which in turn depends on the choice
of positive direction in our laboratory coordinate system, and hence in terms of
the general! description on whether the state is incoming or outgoing. In order
to preserve this critical distinction in our propagator, and keep away from the

undefined (and undefinable for us) expression const.fD, we wrile the propagator as

—igA
P(8,p) = ['—"—-— p ]
' B - BFin/T
where 5 js a posilive constant less than T. The normalization of the propagator
depends on the normalization of states, and is best explored in a more techni.
cal context, such as the relativistic Faddeev equations for a finite particle num-
ber scaitering theory in the momentum space continuum approximation being

developed elsewherel®=1,

66



7. CONCLUSIONS AND A LOOK FORWARD

The research program discussed here staried, so far as some current participa-
tors go, in the 1950's -— and earlier if you ook back to Eddinglon. By now thereisa
solid body of results, both conceptual and numerical. One aspecl that conventional
pliysicists lind puzzling is that we can reach soine fundamental results very casily
— results that for them require enormously complicated calculations, and a gener-
ous (thougli oRen wurecognized) inpul of empirical data. For instance, to “prove”
Lthe 3+1 asymptolic structure of space time starting from conventional “string the-
ary” requires the “compactification” of an initially 26-dimensional structute whose
unigueness can, mildly speaking, e questioned. For us, this 341 structure for
events follows directly from McGoveran's Thearem, once our basic principles and
rules of correspondence are understood. For those familiar with Kuhn's model for
scientific revolutions, this should come as no surprise. Any new fundamental the-
ory finds s5ome problems easier to solve, and for other problems loses (sometimes

for a long while) some of the explanatory power of the theory it is attempting to

replace.

At a somewhal less fundamental level than the global “irreversibility of time"
and the “3-dimensionality of space”. all conventional theories take the existence
of a limiting velority and the quantization of action as a “just so story”™. We
show why any theory satislying our principles has to have both a limiting veloe-
ity and pon-commulavivity., We show that our positions and velocities for our
events must be connected by a discrete form of the Lorentz transformations. We
derive 3-mementum conservation, quantum number conservation and “on-shell”
J-momentum conservalion at our elementary verlices. We also show tlhat when

one compares position and velocity in the connected chcumstances implicit in the
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physics of “conjugate variables”, the resultagt non-commutative structure can be

mapped onto that employed in quantum mechanics.

Moving on up to more concrete aspecis of conventional theorics, given e and 4
— and the scale-invariant laboratory methods of relating them to arbitrary sian-
dards of maxy, length, and tige - - canventional pliysicists secd sone st or o
pling constant that has to be taken from experiment. Once again the existence of
Lthis unique constant — let alone a means of camputing it withis Lhe Weary - s not
an obvious structural requirement of conventional practice. In contrast, we obtain
a first order estimate hefe? 2 137 and he/Gm) = (Mpianc/my)* = 217 £136. As
has been emphasized above, any fundamental .heory of MLT physics must compute

everything else as physically dimensionless ratios once these constants are fixed.

It is sometimes suggested that ours is a “Pythagorean™ or « priori theory. This
criticism implies a lack of understanding of our modeling methodology. We start
from the current practice of physics, both theoretical and experimental, and try to
construct {a) a sell-consistent formal structure zuided by that prior knowled'ge and
(b) rules of correspondence that bring us back to laboratory practice, including
empirical tests. In this sense, we are trodding a well worn path followed by many

physicists angaged in construcling fundameatal theories.

Another, related, criticism assuraes that the high degree of structural infor-
rmation we must ascribe to counting finite integers is a very loose mesh. Chauges
of interpretation seemed possible before the program produced a coherent lump of
concepts and strecture and numerical corrclations. Bastin was often able ta be
yure thal some of HPN’s early altempls at interpretation had to be wrong; unfor-
tunately these objections had to be made at a level of generality that prevented the

specific technical line of argument from being developed. We now have a 35 year
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utrack record™ of meeting honest criticism and madifying our ideas to meet the
challenges posed. Some challenges come from the explosion of precise infornation
provided by contemporary high energy particle physics and observational cosmol-
agy. Others come from questions of self-consistency and coherence that can only
be met by a “paradigm shift”. Perhaps the best way to mcet these challenges is
to summarize the positive predictions that stem from our program, — predictions
whose failure would regquire us to modify or abandon the theory. We sumnmarize

these predictions in Table 3.

The conventional physirist accepis all the struclural resnlts we have listed; in
his practice he uses numbers which satisfy (Lo an accuracy discussed below) the
numerical consequences of the algebraic relations given. At this point we would
like to ask this “conventional reader™ why he accepts the structural results we have
“predicted” from our principles. The unconventional reader may accept some, but
not all of our structural results; we ask him how he makes that selection, We ask
either type of reader what would cause them to reject any of these results which
they now accept, We also ask them to explain why they accept or reject any of our

results.

Many people are uncomfortable with a theary that vests on what appears to be
so little empirical foundation. Of course, there are tried and true routes out of the
preblems our theory poses: naked empiricism, “just so stories”, laws of thought,
uncontrelled skepticism, solopsism, logic, quantum logic, infinity,.... We belicve we
are close to Lhe current practice of physics when we reject such escape hatches as
likely to dump us in a still more unfortunate situation. We part company with
most contcmporary practice only by insisting that it is important 1o ask these

fundamental questions. We are comfortable with the ways, sketched in Lhis paper,
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we arrive at our conclusions. We are prepared to serub the theory if thiere is clear
evidence that any piece of this structure fajls, and will look to such failures Tor

clues to where to ook in starting an new approach.

Physicists tend to be impatient with “philosophical” challenges. We turs next
to Lhe cosmological predictions. Ours have both a structural and a quantitative
aspect. Conventional cosmology breaks into twe parts: the evolulion of the universe
after the radiation breaks away from the matter, which we call “fireball time", and
the model-sensitive earlier histary. Since the combinatorial hierarchy result set the
gravitational and eclectromagnetic scales back in 1961, and we have subsequently
given delailed proof that we cap calculate atomic and nuchear problems in close
enough agreement with experiment for most casmological purposes, canventional
extrapolation of the 2.7°K" background radiation back to that titne works as well
for us as for anyone else — given the 50 % empircical uncertainties in the critical
patameters, There is an event horizon beyond which even radio galaxies disappear,
and behind thal the fireball; this backward extrapolation is rcasonably consislent

with contemnporary physics as it works here and now.

All of this works for us because our estimate of the visible matter within the
event horizon is an order of magnitude smaller than the amount of matter needed
to “close the universe” in conventional (general) selativistic cosmologies. Since we
have established the conservation laws of the standard model, and our labels are
created cither by discrimination or TICK in order to form the labels in the first
place, we can estimate the number of vertices in which two dilfcrent labels partic-
ipate for the first time as 2127 4 136, Once the labels are furmed, the construction
retains each of them independently as labels for content ensembles. Hence there are

something like (2'%' 4 136)? quantum number conserving labels generated before



the “space-time content”™ had much meaning. In the absence of further informa-
tion, the average mass must be our unit tass my, from which the estimate follows,
This mediction is v agreenwst with observation, sinee the observed visible mass
within the eveut hurizon is about whal we estimale. A more precise estitnate will
require a more detailed statistlcal calculation of the probability of formation of
lepton and baryon labels. With such an “open™ universe, Newtonian gravitation

is good enough for post-firehall time cosmological caleulations.

This sarne estimate gives us our next prediction. Mike Manthey noted that
the fact that it takes 21%7 4 136 TICKs to form the Jabels defines a time, and 11PN
ideatified it s “fireball time™. The problemn here is an ald oue, As we go back
carlier, we have to rely more and more on what we mean by “the laws of physics”
or whatever phrase describes the methodology used for extrapolation. Oance oue
tries to extrapolate backward from fireball time using a lincar time scale, one
rapidly appsoaches extreme conditions thal currently occur only in the interiors of
stars, in the cosmic radiation when it interacts with matter, ju the neighborhood of
massive “black holes” or in high energy physics laboratories. When one tries Lo get
back inside of “the fitst three minutes” the cinpirical evidence vanishes and only
disciplined conjecture provides a guide. We simply assert that “time” loses any
usefid “mesdlel independent™ meaning somewhere between firehall tisne and the first
three minutes. In onr model, if we use the appropriate unit of time (k/mpc?), our
backward extrapolation gives us roughly 3 and a half million years back to the first
discrimination. Other models give roughly similar resalts back to the first three
minutes. Before that | see no way for a phiysicist to make testable statements as
to whether the apiverse “always existed” or “came ioto being at a finite tine™, As

we have already commented on above, e conventional wisdom is in much worse
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shapce here than we are. Most of their model universes are buried uider a pile of
(BLEEP) that weighs 10!% times too much for them to dig their way out from
unisler it - except by the observation that we nevertheless exist, and that hpan

ingenuity should be able Lo find an explanatiorn.

The prejudice of most cosmologists is that the univesse should be closed, ov
“just closed”, for reasons that escape me. [l find an open universe much more
satisfactory, particularly after reading Dyson's scientific eschatological anal_v,rsis.]"2
The “deficit™ {rom the conventional perspective is now to be made up by “dark
mattat”. Here they have a good observational case in that ten times as much of the
mass of galaxies, as measured by Newtanian gravitation and the Doppler shift, is
“dark™ rather than electromagnetically visible. How much more there is depends,

once again, on details of the cosmolegical modz! rather than on observation.

Here our theory makes a new prediction. Visible matter can only be understood
by us in terms of the 137 labels for the first three levels of the hierarchy. But
there are 347=10 labels that cannot be interpreted prior to the farmation of the
“background” of the 127 labels which make up level 3. Whatever they are, they
must be electrically neuttal and will oceur, statistically, 12.7 vimes more frequently
Lthan the level 3 fabels. They could form electromagnetically inert structnres at
any scale compalible with our finite scheme (guantmn geons?). So vur estimate of
the amount of *dark matter” lcft over from the “big bang” to the visible matter is
12.7; a better estimate will depend on what version of the early slages of program
universe we use. Quantitatively, the prediction for the gravitational constant {using
mp.c and 5 to connect our units of mass length and time to experiment) fails by
a litle less than 1 %. We anticipate a carrection of order a, ausl hope 1o b able

to compute it once we have sorted out the experimental effects usually ascribed to
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general relativily.

Most of this cosmolopy is predicated on the assumption that we have got the
atomic and nuclear physics right. If one believes the six results given in Table 3,
which we compare with experiment below, as “elemenlary particle predictions™ and
accepts aur finite particle number scattering theory as both unitary and crossing
symmetric, we can do as least as well as most practitioners in reproducing one or
another currently accepled plhienomenology for atemic, nuclear, and high energy
particle physics. This will be “obvious” to readers with an 5-Matrix background;
we will never be able 1o convince some physicists who are not used to that type
of practice. So we concentrate here on where these six nunibers comie fram, what
estimate of Ltheoretical uncertainty we ascribe to them, and how they compare with

experimnental values.

The calculation of the fine structure constant is due Lo David McGoveran®
It is preliminary, and was discussed at ANPA 10, The calculation camne out of
an examination of the Sommerfeld formula for the fine structure spccl.rum.] { HPN
argucd that since we now have a fully relativistic theory, including angular momen-
tum conservalion and pon-comnutativity, a non-relativistic combinatorial model
for the Bohr Atom (Section 6.4), and Bohr-Sommerfeld quantization (Section 6.3),
we should be able to get this relativistic correction by including two different pe-
riods in the calculation. This is indeed the case, but then HPN realized that our
approximation of 137 lor | fa is no longer good enough. e feared we would have
to do all of QLD 1o erder a? in order to sort this ont, but McGoeveran realized
that the existence of two frequencies o the problem gave us a combinalorial ar-
gument that leads to the result quoted above, Numerically this formuli predicts

1/a = 137.0359674.. as compared to the twa values quated in the particle prop-
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erties data booklet:™ (old) 137.03604(11) and (new) 137.033963(15). So far as
we can see, any correclion to our prediction should be of order G /MG, or that
number times —sin*Gyeqr — %—; if this estimate of Lthe uncertainty is correct, ve

do not find the close agreement with experiment surprising.

The mp/m, formula is due ta Parker-Rhodest®l, Since our theory ditfers from
his, in the past we could only provide heuristic justification for the calculation. Now
that we have a fully develaped relativistic quantum mechanics, with 3-momentum
conservalion, these past arguments become rigorous when we view the caleulation
as a calculation of the mass in the electron propagater — for us, a finite “self-
energy”. One puzzle was the extreme accuracy of the result, using 137 rather than
the empirical value for 1 /a. However, now Lhat we have found that the “empirical
value” comes aboutl in systems which lack spherical symmetry, or in combinatorial
terms have two independent frequencies, and recognize that in the myfrn, calcula-
tion there is no way to define a second frequency, we have a rigorous justification
for the formula as it stands. Numerically, we predict mp/m, = 1836.151497... as
compared withi33): (old) 1836.15152(70) and (new) 1836.152701(100). We see that
the proposed revision in the fundamental constants has moved the empirical value
outside of our prediction by a presumably significant amount. For the mp/m.
calculation the correction due to non-electromagnetic interactions could be large

enough to affect our results.

The calculation of Lhe neutral pion mass was made long agr:.‘w The moede! is
due to our interpretation of Dyson's argunucm.yf that the maximum number of
charged particle pairs which can be counted within their own Compton wavelength
is 137. Taking these to Le electron-positron pairs, we get the resull. The argument

in the past rested on the use of the Coulomb “potential”. Now that we have a
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combinatoria) calculation of the Hohr alem, we no longer need Lthis extraneous
element. If one lovks at the confent sirings minimally needed to describe the
possible states of the bound system, the saturation at 137 pairs emerges. As
we can see from the Bolie atom calculation (eg by considering one clectron or
positron interacting with the average charge of the rest of the sysiem), the first
approximation for the binding energy is non-relativistic. Consequently the estimate
for the system mass, intespreted as the peviral pion mass, is just the sum of
the-masses, or 274 m,, in agreement with experiment to better than ten electron
masses. 1t will be interesting Lo calculate the a relativistic corrections (including
the virtual electron-positron sunihilation) and the neutral pion lifetime. Adding an
electron-antineutrino pair to get the »~, or a positron-neutrino pair to get the xt,
will be a goad problem for sorting ont ouc uuderstanding of weak-electremagnetic
unilication.

The weak-electromagnetic unification peeds more work, as has already beer
indicated, The first order prediction of sin®Oycp = 0.25 as compared to the
experimental result®® of 0.220 + 0.004 is firm, and reasonably satisfactory at the
current stage of developmient. The ideatification of the weak coupling constant
{witlout the faclor of /2) was a suggested by Bastin long agol!8l; our formula
predicts a result which is al.out 7 % teo large. Since this is roughly the amount by

which we fail to get the weak angle, the two discrepancies might find a comnon

explanation.

The gquantum number structure of the quarks has been discussed in Section
. 5), and does Jead o the usval 3 “valence™ quark structure of the baryons, which
gives us the uswval “non-relativistic quark model” as a starting point. As already

noted, McGoveran's theorem does not allow rnore than three “asymptotic™ degrees



of {reedom, so we do predict color confinement. This means that we canngt use our
staudard “free particle” states to describe quarks or gluons and defiue theie mass,
We suspect that we can eventually obtain “running masses™ analagous to those
Namyslowskil'Y) gets aut of the conventional theories, Lut have only just starled
thinking about the problem. Another challenge will be to sulate the pion model

discussed above to a quark-antiquark pair.

By now we hope the reader will grant that we have made a case for discrete
physics as a fundamental theory. We have been led to many concepinal and ru-
merical results that can only be obtained with difficulty, or not at all, by more
conventional apnroaches. We believe the program will prove to be useful even
if it ultimately fails. So far we have run into no insuperable bariiers — frankly
somewhat to IIPN’s surprise. We have nailed down the quantum numbers in agree-
ment with the standard model, and have compuled reasonable values for the basic
masses and coupling constants. Thanks to the high degree of overdelermination of
clementary particle physics due to crossing and usitarity - - Chew's bootstrap
we can expect to do about as wel) as conventional strong interaction theories, This
means that when a difficulty does arise, it will suggest an area of phenoniena that
will deserve detailed ¢-.;erimental and theoretical examination. Again, we share
this strategy with more conventional approaches.
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Table 1
Quantum nambers for weak-electromagnetic unification

Particle Q Y 2, ¢ 2h min Gevjct
fermion ry 0 -1 + -1 -1 0
1A G +1 -1 41 4+l 0

e -1 -1 -1 =1 -1 511 % 1073
€ +F 41 41 41 41 ?
g -1 =2 0 -1 -l "
£y +I 42 ¢ 41  +1 "

quanluin Wi, ~1 1] ~2 0 -2 37.3/sin Oy
W+ 0 +2 0 2 ”

Lyp.mr O 0 4] 0 -2 3I7.%fsinbivcosli,0

ZinSi 0 0 0 D 42 "
23. Ye 0 0 0 0 ] »

Table 2
The combinalorial hierarchy

¢ Ble+1)=HE) H{E =201 ME+1)=[MOP C& =1L H(j)

“i=l
hicrarchy
level (0) - 2 (2) .
1 2 3 4 3
2 3 7 16 i0
3 7 127 256 137
4 127 2127 {256)2 2127 1 4 137

Level 5 cannot be construcled becanse A{4) < H(4)
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Table 3

Predictions made by discrete and combinatorial physics

Structural Predictions

e 341 asymplotic space

¢ limiting velocity

¢ discrete events

s supraluminal synchronization and correlation without supraluminal signaling
e discrete Lorentz transformations (for event-based coordinaten)

« non-commutativity between position and velecily (for event-hased coordinates)
¢ transport (exponentiation) operator

& recognizable conservation laws for 3- and 4- events

¢ quantum numbers of the standard madel for quarks andl leptons

s event horizon

» zero-velocity frame for the cosmic background radiation

e color confinement — quark and gluon masses not directly observable

Algebraic Algebraic
Cosinological Predictions Elementary Particle Predictions
Mpianck 2 o121 he l = 137
—TEE ) o~ 2T 36 > - :
™ Gy [t = rorem]
Myisy =~ (2127 + 136)2 mp my 137x
me 3 2,4\ 4
i © F(rded) g

Fireball time =~ (2'*7 4 136)
mpc?

my S ®x 137 1,

"MDnrl: =~ 1.7 Myisv

. 2 |
sin” Oweak = 1
Ge | _ 1 __
mi o J2(266)°
rmuglpe) = 5 myp

3
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FIGURE CAPTIONS

1) The connection belween 3-vertices and 4-events.

2) The generic Yukawa vertex and crossing.

3) Four-leg crossing,

4) Quantum eléctradynamics.

5) Quantum electrodynamic conservation laws as planar vectors.

6) Weak-electromagnetic unification in terms of weak hypercharge, weak isospin
and helicity.

7) Colors and anticolors as discrete vectors,

8) Spin, isospin, and baryon number conservation for color singlet neutrens and
protons p = u(ud), n = d{ud).

9) 9a) The participator model for a research progran in physics; 9b) comparison
with McGoveran's modeling methodology.

10) Program Universe 1 and 2 compared.

11) A 4-event followed by § events involving limiting velocity signals which can
be used to establish the Lorentz transformations for event no. 3.

12) The connection between space-time and light-cone coordinates in terms of bit

string distances and velocities for the physical situation envisaged in figure
1.
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