Insernational Jovrsal of Theoretical Physics, ¥ol. 7, Ho, 3 (1973}, pp. {99»«263

Difficulties Inherent in Sachs®s New Theory of Elementary
Matter

DARRYL LEITER
Rﬁym Department, University of Windsor, Windsor 11, Ormgrip, Conede

Received: 26 March 1972

Abstract

“We show that the atomic energy levels, predicted by a recently proposed new theory of
clementary matter, are in one-to-one correspondence with the relativistic Hartee
self-consistent Gald iheery for atomic structure, This meaus that this theory will contain
sointiony which vindate i Panti Exclusion Priﬂcxple, as well as neglect the important
-#ffacts of Configuration Interaction # 2tomic structure. This would tend to cast doubt
£m the viability of the new theory in i preseni foem.

Y, Imtroduction and Discussion

In sev~ral recent publications, Sachs (1961, 1963, 1945, 1959, 1971 has
made constant reference to the fact that his particular formulation’ otz
self-consistent field theory of quantum eclectrodynamics, based on ﬁm
assumption that only ‘elementary interactions’ can describe physical
events, contains the physical effects of the Pauli Exclusion Principle as 2
direct ‘xogrcai consequence of the basic premise of the theory. Inthis paper,
we re-examine the basic structure of the formalism developed by Sachs,

_and show that the solutions of the 8eld equations actually piolote the Pagli
Principle. This will be done by showing that the energy levels predicted by
this theory, for atomic structure, are in one-to-one correspondence with
relativistic Hartree self-consistent field theory for atoms. Hence the Pauli
Principle is absent from the energy level structure predicted in this theory.
In light of this result, Sachs’s argument is re-examined and is shown to
contain an essential error in regard to which gquantities play the role of
dynamical variables in the theory.

2. An Ahaa’ysis of the Formal Siructure of the Theory, and a Preof that the
Pauli Principie is Violated by the Solutions of the Associated Field Equations

In the theory under examination,} electrons and positrons are described
by c-number Dirac fields coupled to each other through a classical Lorentz

1 Fora camp!etc introduction to the basic premise see Sachs (1961, 1963). In particular,
see the second paper listed for an extended derivation of the Paulf Principle via the ‘proof
by logic’ technique, which we argue is invalid here,
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force interattion mediated by a classical Maxwell field varisble associated
with each particie fieid T, The basic premise of the theory requires
that only mutual interactions between particle fields, and not self-
imteractions associated with the action of a particle on itself, are the basic
building blocks of the theory. In this analysis, we will simplify our argument
by considering only the Lorentz force interaction and neglecting the spinor
struciure imrpduced into the Maxwell ficld by Sachs, This will in no way
affect our conclusions since the spinor Maxwell terms have no relationship
to the Pauli Principle in the theory, asd way actually have been used in an
inconsisient manner for other reasons® The Lagrangian of the theory, in
many ways tesembling a wave-mechanical ‘delayed’ action-at-a-distance
formalism, is

I= J dx‘[} P ol EN + 2 z gxxu_,u){‘;"m){xhuggm{:ﬁ

Sk SRS 4
x [dx 5,6 = x) PO wm(x'))j @1
The associzted non-linear field equations, obtained by taking variations
-of 2.1) with respzct 10 ¢, are given by

- RPN E g j dx¥’ S {x~ 2} FOXYy, ¢ () Y (x) =0
B2 o
wl

E=12_....%5 (22)

where S, (x — x7)isthe time-symmetric Green function of the ¥ Alemberitan
eguation given by —

_ O8,(x=x)=58(x~-x) 23
-Equations {2.2) have eigenfunction solutions] of the form
B, ) = X exp (HE® ) (K=12,..,N) (2.8)

4 For adiscussion ef anapparent inconsistency in the application of the spinor Maxwell
structure, as applied 1o the annihilation state of posiferium in this model, see Frank, B.
{1889}, Nuovo cimento Letters, 1 (), 242.

{ Another problem with the Sachs theory lies in the stability of these stationary states;
as wai! as that of the ‘positronium annihilation state’ efabo'a{ed by Sachs (1951 1563,
1965, 1969, 1971). This is because of the presencs of the time-symmetric potentials in
the non-linear field zauations. These ate present, in analogy toformal structure of ‘actipn-

at-a-distance’ electrodynamics, where the classical peint trajectories are replaced by
spinor wave mechanical degrees of freedom for each particle. However, in the Sachs
theory, no ‘complete absorber” assumption is made {(a la Wheeler-Feynman) hence no
retardation or. radiation reaction effects occur in the theory, consenusnily no net
transfer of energy can oocur when ithe systent s in 2 transient stae, since kimfmxmmetric
pmentla}s do not yield 2 net transfer of energy. For this reason we speculae that the
stationary states of the theory, If slightly perturbed, would not Be stable in time. The
same goes for the vacuum annihilation statz of positronium solution exhibited by-Sachs.
This instability of the cigenievels would be a time-symmetric one and would not n(operly
account for the spoataﬁex’}aQ msLab'}m of atomic ewerfevens Gbservaﬂ in Na’t. re {because

et Aty e

aroms GPCE)' downwards it CUCIEY, 1 ina ui‘uucmg’ non-time symanets ic ja.}“lbu_;
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whers
[t e 3 [ T L0 if?(‘r’)} () = E 1(0)
s

2.5

The application of Noether's Theorem? o the action principle (2.1} yiclds
For the intal energy-momentum tensor of the theory the conservation law

*FT,,=0 {2.6)
which in an cigenstate implies that the total enerpy e s

. = L =(K 2 £
- f a2 SlEw_ S f 23 Em el I P ) FONEY 7, VUK
X=1 J7K ~ 4z|x —x'| |

@7
The eigenfunciivn soluvions of the theory play the role of quantum levels.
in this formalism, and the manifestalion of the Pauli Principle occurs if
these solntions obey a condfion tha ;g*-“{g} # f’“fﬂ is fetguired by equa-
tions {2.2), (2.5}, and (2.7). However, equations {2.3) and 2.7 are reiated
to an associated time-independent variational principls given byl

v

5{ s 3 [ @ B0 )0 @.8)

Ew?,

which implies that the total energy is stationary, in an eigenstate, to arbitrary
variations in the master wave functions 87" subject te the constraint

{aez™EPR=1 2.9

This is identical to the result obtained {rom conventional refanivistic
quantum mechanics, by requiring that the expectaiion value of the energy
be stationary to arbitrary variations in therelativistic Hartree wave function

P x) = [T 20x0) 2.10)
‘lul

In this sense, equations (2.5) and (2.7) are to be recognized as the relativistic
“Hartree self-consistent field equations for N interacting charged Dirac
particles. In the special case of a single positronium interaction (we have
N=2 in (2.2) through (2.7)) seif-consistent Hartree solutions will exist
since, in this case, /e is negative. However, as is well known, the Hartree
solutions cannot account for the Pauli Principle, nor can they account for

"'} Bee Bogoliubov, M. W. and Shirkov, D. V. (1958). Inrreduction to the Theory of
Quimtized Fields, Section 2 (Mew York), for a discussion of conservation laws and
fnvariance principles related to action principles.

4 In equation (2.8), it is assumed that (2.5) is substituted inte (2.7} so that the functional
dependence of 7¥(x) is explicit before the variation is taken. '
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‘correlation mtsraction’ inherent in atomic sivucture, In pariicular
sotutions with L‘” - ;fu! are ‘Tfi'iz’i':;hm, zad are zﬁ?’(’fiﬂ‘ﬂﬂ* Eaergetin {J'(}'
oreferred, in the case of the positronium atomic levels. Hence we see that
the Pzuli Principle is absent from this theory, and no amount of “logic”
can force it to appear without major changes in the formalism. This
difficulty is unchanged, even if the theory is applied to many-glectron atoms,
with infiniiely massive nuclei taken as a first approvimation. In this case,
the struciure of the cigenstates is identical to that of the relativistic Hartree
theory for many-electron atoms. As is well known, the Hartree theory is
unable to account for either the Pauli Principle or the “correlation inter
actions’ in atoms. Since the energy Jevels of the theory are in one-to-one
correspondence with the relativistic Hartree theory, this means that the
Pauli Principle is absent from the Sachs formulation and no appeal to
‘logic” can cause it to appear without major modifications in the formal
structure of the model.
¥f thiz is so, then how was it possible for the Pauli Principle o be derived

fram this thearv in previous work 7 (See footnote 1, page 199.) The answer
I8 because 2 ‘fma&mmm feld® WED = B ;,’:”’ antisymmetric in the
ga:m:ie field labels, was postulated by Sachs in an &7 hec manner, as
required in order 1o describe the physics of the elementasy inger ctions in
space-time. From the properties of -this ‘fundamental field” ®5 4.0
arpuments conlaining nowrelativistic, quasilinear assumptions, he was
able to ‘derive’ the Pauli Principle by so-cailed “logical’ arguments app czﬁing
to the basic paradigm of the ﬁwary However, the fundamenial feid
YD is not a dynamical variable in the action principle for the theory.
For this reason it never appears explicitly in the conserved energv-momen-
tum tensor of the theory. On the.other hand ¢® is a dynamical variable
and does appear in the energy-momentum tensor. For this reason # is
Y and not ¥ 57 which controls the energy characteristics of the solutions
to the associated non-linear field equations. Since his proof was based on
a quantity which is not a dynamical variable of the theory, it is not sur-
prising that resuifs unrelated to the actual energy properties of the solutions
to the associated non-lin2ar ficld equations were derivad

The author dees not bas;.,af y disagree with S;cns in relation to his
philosophical point of view in regard to physx;s it may well be true that
Nature may be describable by a non-linear fetd theory, whose basic
elements are elementary interactions between ‘observer fields’ and ‘observed
fields”. The author objects to the fact that the present theory is mis-
represented as containing all of the predictive potential of quantum
mechanics. This is certainly not true, at ieast as regards the Pauli Principle.
If Sachs were to recast his theory into & new form where the fundamenial

4+ This property occurs in conventional quasium mechanics because of the presence
of the coulombic potential, m,c‘x g differences of particle coordinates, in the many-
electrcn Hamiltonian. The Ha:tree approximation, in addition to iackma a Pauli |
Principle, also neglects the correlation effect because it assumes a product wave function
form for the total wave function of the atom. (See J. C. Slater).
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field W9 gppeared in the action principle as a dynumical variable, then
‘perhaps something like 2 Pauli Frincipie might occur in the solutions 1o
the theory. But # is not at all obvious, and the research on this remains to
be done. Also, the fong chain of resuits derived from this present formula-
tion;} may themselves be incorrect if they rely on the assumed Pauli
Principle property of the theory,
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¥ Additional derivations which may be affected by the absence of a Pauli Principle is
the theory, sve ihwe sxistence of the annihilation state of positrenium, the derivation
of the black-body radiation formula from the properties of this positronium vacuum,
and the derivation of the won-relativistic, antwymmetrized Schrédinger wave function
for a many-clectron atom, & a earized Himeting soiv s o the non-linear selfconsistent
fizld equations of this theory. For inconsisiencies relared 7 the zafovlation of the Lamb
shift, within the framework of the Sachs theary, soe Mann. R4 {I128%). Nuare eimento,
5B, 7.




