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Unified nonlinear spinorfield models are self-regularizing quantum field theories in which all
observable (elementary and non-elementary) particles are assumed to be bound states of
fermionic preon fields. Due to their large masses the preons themselves are confined and below
the threshold of preon production the effective dynamics of the model is only concerned with
bound state reactions. In preceding papers a functional energy representation, the statistical
interpretation and the dynamical equations were derived and the effective dynamics for preon-
antipreon scalar boson states and three-preon fermion (and anti-fermion) states was studied in
the low energy as well as in the high energy limit, leading to a functional energy representation of
an effective Yukawa theory (with high energy form-factors). In this paper the effective dynamics
of two-preon composite vector bosons is studied. The weak mapping of the functional energy
representation of the spinorfield on to the functional energy representation for the effective
vector boson dynamics (with interactions) produces a non-abelian SU(2) local gauge theory
(Yang-Mills theory) for a triplet of mass-zero vector bosons in the temporal and Coulomb gauge.
This special gauge isenforced by the use of the energy representation and is compatible with the
nonlinear Yang-Mills dynamics (and quantization). Apart from the non-abelian Gauss-law all
other field laws and constraints directly follow from the mapping procedure. The non-abelian
Gauss-law is a consequence of the relativistic invariance of the effective dynamics.

PACS 11.10 Field theory
PACS 12.10 Unified field theories and models
PACS 12.35 Composite models of particles

Introduction

Unified nonlinear spinorfield (NSF) models are
quantum field theories in which all observable
(elementary and non-elementary) particles are
assumed to be bound states of elementary fermion
(preon) fields. In such models the existence and the
processes of observable particles are governed by
the formation and reactions of relativistic composite
particles, i.e. of multi-preon states, while elementary
preons are confined. Thus a relativistic composite
particle quantum (field) theory is needed in order
to describe the physics of -observable particles.
Although numerous efforts were made in the past to
develop such a relativistic composite particle theory
no satisfactory and systematic answers have so far
been obtained in the literature for the solution of
this problem. Therefore a research program has
been started by the author and collaborators in this

Reprint requests to Prof. Dr. H. Stumpf, Institut fiir
Theoretische Physik der Universitit Tiibingen, Auf der
Morgenstelle 14, D-7400 Tiibingen.

field. In particular, a composite particle theory has
been developed with respect to unified NSF models,
but the results obtained there can be transferred to
other types of models equally well. In this paper this
investigation of composite particle physics in NFS
models is continued.

NSF models are formulated by dynamical laws
for selfcoupled fermion fields only. If selfcoupled
fermion fields are described by NSF equations with
first order derivatives (FDNSF) and local inter-
actions the corresponding quantum field theories
are non-renormalizable. To circumvent this non-
renormalizability, higher order derivative nonlinear
spinorfield (HDNSF) equations can be used. These
equations exhibit selfregularizing properties but
lead to indefinite metric in the corresponding state
spaces. Thus in these models the treatment of
composite particle theory is partially merged with
the solution of problems related to the special
model under consideration. This is the prize one has
to pay for the extreme simplicity of HDNSF models
connected with the assumption that only elementary
fermions are the constituents of matter.
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The preceding investigations in this field are
contained in papers of Grosser and Lauxmann [1],
Grosser [2], Grosser, Hailer, Hornung, Lauxmann
and Stumpf [3] and of the author [4, 5]. An extensive
discussion of the results and of the mathematical
techniques is given in [5]. After having formulated
the model and obtained a first insight into the
formation of bound states etc. in [1, 2, 3, 4], the
most urgent problem is the investigation of effective
interactions between bound states, i.e. relativistic
composite ‘particles. In particular, it has to be
proved that relativistic composite particles represent-
ing observable “elementary” particles satisfy in
certain approximations the corresponding gauge
theories etc. which govern the reactions of these
particles if they are considered to be elementary and
pointlike. A first step in this direction was per-
formed by the author [5] where it was demonstrated
that the effective interactions of composite fermions
and composite scalar bosons in an HDNSF model
lead to a Yukawa theory in the low energy range
while in the high energy range formfactor correc-
tions appear. The mathematical techniques used for
these investigations was a “weak mapping” of the
HDNSF model on to a Yukawa theory. In this paper
we investigate the weak mapping of an HDNSF
model on to a Yang-Mills theory, i.e. we study the
effective dynamics of massless vector bosons for the
case of a non-abelian local SU(2) gauge group. In
doing so, it has to be emphasized that this local
gauge group is a result of the bound state many-
particle dynamics and that it is not incorporated
a priori in the HDNSF model. So by the same
method and with the same model it has to be
expected that one can also derive an SU(N) local
gauge group effective dynamics if the bound states
exhibit a corresponding appropriate many-particle
structure. But the treatment of this problem is post-
poned to subsequent investigations.

The idea of generating relativistic composite
particles, in particular gauge bosons by fusion of
elementary relativistic fermions was inaugurated by
Jordan [6] who inferred the compositeness of the
photon on the basis of a statistical argument. Sub-
sequently de Broglie [7] put forth the proposal that
the photon is composed of a neutrino and an anti-
neutrino. This proposal was further developed and
modified by Jordan [8], Kronig [9] and other
authors. Later on, Fermi and Yang [10] proposed
the pion to be a relativistic composite particle

formed by a nucleon-antinucleon bound state and
finally in the theory of fusion of de Broglie [11] and
in the FDNSF approach of Heisenberg [12] any
existing boson is assumed to be a bound state of
elementary relativistic fermions or fermion fields
respectively. The radical assumption of de Broglie
and of Heisenberg was not generally accepted. Due
to the development and the great success of gauge
theories and the introduction of supersymmetry it is
a widespread belief that gauge bosons are elemen-
tary objects. Nevertheless in the course of the
development of high energy physics an increasing
number of bosons and gauge bosons which were
initially assumed to be elementary turned out to be
composite objects. For instance, in quantum
chromodynamics all mesons are quark-antiquark
composites etc. and gluons are elementary. How-
ever, on the preon level gauge gluons are preon
composites and also the electroweak gauge bosons
are assumed to be composites. For a review of the
extensive literature about preon models see Lyons
[13]. Thus the problem of compositeness leads to the
problem whether there is at all a final microscopic
quantum field theory with elementary objects and
whether these objects are only fermions or fermions
and bosons. With respect to our model we assume
the de Broglie-Heisenberg hypothesis to be valid,
but as already emphasized the methods applied
here can also be applied to models where elemen-
tary bosons occur.

At the beginning of the theory of composite
bosons the mechanism of the formation of relativ-
istic multi-fermion bound states was unclear and the
authors argued by means of general kinematical
considerations. But since the discovery of the Bethe-
Salpeter equation an enormous number of papers
was published which used this equation or similar
equations for the study of relativistic bound states.
However, in spite of this enormous effort this line of
research did practically contribute nothing to the
problem of effective interactions of bound states.
Rather the attempts to develop a theory of effective
interactions were performed along a quite different
line.

The early approach to describe a composite
photon was done by means of operators. A photon
operator was assumed to be a product of a neutrino
and an anti-neutrino operator and the authors tried
to show that such bilinear neutrino operator pro-
ducts satisfy the kinematics etc. of a quantized
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photon theory (or not), compare for instance Pryce
[14]. This is the beginning of the strong mapping
approach, i.e. the mapping by means of operator
products as it was defined in [5]. As the formation of
bound states is not only a kinematical phenomenon,
such strong mappings were applied to interacting
quantum fields. The first step in this direction was
taken by Jouvet [15]. In analogy to the neutrino
theory of light he studied the strong mapping
between FDNSF models and Yukawa theories by
means of local spinorfield operator products and
their renormalization properties (Z3 = 0 equivalence
theorem). Later on more sophisticated methods to
perform strong mappings were introduced which,
however, finally led to the same conclusions as
already drawn by Jouvet. The major part of these
papers is concerned with the study of a strong
mapping between FDNSF models and Yukawa
theories and only a minor part is concerned with the
study of strong mappings for other types of models
or other types of composite particles, in particular
gauge bosons. In [5] a review of all these papers was
given. Therefore in this paper we restrict ourselves
to cite only those papers which treat strong map-
pings in connection with gauge bosons.

Attempts to establish the photon as a collective
excitation of an FDNSF model and to prove an
equivalence between this FDNSF model and QED
by comparison of propagators were made by
Bjorken [16] and Bialynicki-Birula [17]. Lurie and
Macfarlane [18] discussed the equivalence of an
FDNSF model and a Yukawa theory in the chain
approximation for the case of a bound boson state.
They showed that [16] and [17] can be formulated
and corrected within their approach and that this
approach leads to Jouvet’s original condition.
Guralnik [19] explicitly used spinorfield operator
products to define boson field operators and tried to
prove an equivalence between an FDNSF model
and QED via the comparison of Green-functions.
Without referring to an NSF model Perkins [20]
constructed bilocal neutrino field operator products
and demonstrated that such operators satisfy the
Maxwell equations and other relevant conditions for
photon operators. An essential progress in perform-
ing equivalence proofs, i.e. in clarifying strong
mappings between field theories, was made by the
application of functional integration techniques.
Using auxiliary field path integrals which were
introduced by Coleman, Jackiw and Politzer [21]

and Gross and Neveu [22], Kugo [23] and Kikkawa
[24] derived by means of functional integration
equivalent path integrals for FDNSF models and
abelian and non-abelian gauge theories. This
method was improved by Eguchi [25] and extended
by several authors, Saito and Shigemoto [26],
Terazawa, Chikashige and Akama [27], Konisi,
Miyata, Saito and Shigemoto [28], to establish
equivalences between FDNSF models and electro-
weak and strong fermion-boson gauge theories. The
discussion of equivalences between FDNSF models
and fermion-boson coupling theories has always
been closely related to the problem of making non-
renormalizable FDNSF models renormalizable via
a map procedure. The authors who were mainly
concerned with this aspect were cited in [S]. More
recent papers on generation of gauge bosons from
spinorfield operators and corresponding strong
mappings were published by Ramon-Medrano,
Pancheri-Srivastava and Srivastava [29], Amati,
Barbieri, Davis and Veneziano [30], Akdeniz, Arik,
Durgut, Hortacsu, Kaptanoglu and Pak [31],
Akdeniz, Arik, Hortacsu and Pak [32] and Friedman
and Srivastava [33]. In all these papers the path
integral techniques are applied. In [30, 31, 32, 33]
nonpolynomial FDNSF interactions are used. The
strong mapping between gluon fields and FDNSF
models was studied on the level of Lagrangians by
Chiang, Chiu, Sudarshan and Tata [34] solely in
terms of renormalization constants and renormaliza-
tion group equations, i.e. in an improved way of
Jouvet’s original approach. It should, however, be
emphasized that the path integral approach also
necessarily leads to the renormalization considera-
tions started by Jouvet.

In spite of the great effort which has been
devoted to the problem of strong mapping between
NSF models and other field theories the results are
unsatisfactory not only in one but in many respects.
Thus since the early beginning of strong mapping
procedures with the neutrino theory of light there is
an ever increasing number of authors who critisized
this procedure on account of various drawbacks.
Before summarizing our own criticism with respect
to this approach we cite the literature.

Pryce [14] showed that the neutrino theory of
light, i.e. the strong mapping of neutrino fields on to
photon fields leads to contradictions. Broido [35]
demonstrated that the photon cannot be assumed to
be a bound state of fermion-antifermion pairs within
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the framework of the Z3;=0 equivalence theorem,
i.e. for strong mappings of FDNSF models on to
Yukawa theories. Lurie [36] emphasized that the
Z3=0 condition forces the renormalized coupling
constant of the corresponding Yukawa theory to be
zero, i.e. the strong mapping leads to vanishing
interactions. - Massidda and Tirapegui [37] studied
the Z3 =0 equivalence theorem for models in lower
dimensions and concluded that the strong mapping
procedure does not lead to strict equivalence, which
can be inferred by comparison of the spectrum of
the models involved. La Camera and Wataghin [38]
emphasized that the Z3=0 condition is unaccept-
able. In spite of preceding attempts to improve the
neutrino theory of light, Strazhev [39] pointed out
the inconsistency of this theory with respect to
chiral properties of neutrino and photon operators.
Kerler [40] (in agreement with Symanzik) inves-
tigated in detail strong mapping procedures and
concluded that an equivalence between FDNSF
models and Yukawa theories as claimed in litera-
ture does not exist. Rajaraman [41] demonstrated
the impossibility of strong mapping equivalences by
evaluating path integrals and by means of this
improved techniques he arrived at inconsistency
relations and a similar result as Lurie. Eguchi [42]
pointed out that equivalence proofs are only
possible if the FDNSF theories possess an ultra-
violet-stable fixed point. However, Tamvakis and
Guralnik [43] noticed that meaningful field theoretic
models in four-dimensional space-time with nontriv-
ial fixed points wait to be discovered. Konisi and
Takahashi [44] tried to improve the strong mapping
procedures but arrived at the conclusion that in four
dimensions nontrivial ghost fields appear in the case
of the Z; =0 limit. Banks and Zaks [45] studied the
possibility of strong mappings of FDNSF models
by means of the path integral formalism and argued
that such mappings lead to observable violation of
Lorentz invariance and not to effective gauge
theories. Their criticism refers to all preceding
attempts in this field. Rembiesa [46] discovered that
ghost poles in the Z;=0 limit disappear only if
double-charged collective bosons are admitted and
neutral bosons are excluded. He further infers that
the strong mapping procedure is only a way of
defining an FDNSF model by means of a Yukawa
theory and not a genuine map between two indepen-
dently existing models. Sharatchandra [47] carefully
studied the various regularization procedures

required for making renormalization well defined.
In order to get meaningful results he needs deriva-
tive coupling of infinitely high order in the current-
current spinorfield interaction, i.e. the common four
fermion local interaction of FDNSF models cannot
be mapped. Chiang, Chiu, Sudarshan and Tata [34]
emphasized that the present equivalence proofs of
FDNSF models and fermion-boson coupling theories
by means of strong mappings need to be reexamined
as they are not sufficient to ensure equivalence. A
fact which they inferred from studies of mappings in
the Lee-model. Nakanishi [48] critisized the bosoni-
zation of fermions and Ellwanger [49] stated that
no exact method is available to demonstrate that
fermion-antifermion condensation actually takes
place in a given theory. He pointed out that not only
one but several fixed points are required for con-
densation. Kerler [50] repeated his criticism as given
in [40]. In a recent paper Holten [51] investigated
the possibility of obtaining composite bosons in the
framework of strong mappings. By taking special
care of the infrared properties of various theories he
concluded that no conventional scalar, spinor or
vector fields lead to finite kinetic energy terms of
the composite bosons in the effective (i.e. by strong
mapping obtained) Lagrangians. The only candidate
which might possibly allow strong mapping com-
posite bosons might be supergravity.

In addition to this criticism further objections can
be raised to strong mapping procedures, which were
partly discussed in [5]. Summarizing we can
formulate the essential drawbacks of strong map-
ping as follows:

i) In all approaches it is necessary to introduce
cut-offs or other arbitrary regularizations, in-
finite and (or) vanishing renormalization con-
stants etc. By use of such procedures and con-
ditions it is completely unclear what “being
equivalent” really means.

i1) If bosons or (and) fermions are genuine bound
states of elementary fermion fields, then under
suitable kinematical conditions their behavior
will differ from that of elementary pointlike
particles. The variety of such phenomena can-
not appropriately be described by local opera-
tor products.

ii1) The composite particle theories which are
assumed to be the result of strong mappings
are bound to be strictly local theories. other-
wise they do not exist [5]. Therefore nonlocal
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operator products are in general not admitted
for the map and thus no possibility exists to
detect composite particle effects.

iv) Maintaining the assumption of elementary
four-fermion interactions no way is known to
treat more complex bound state situations by
strong mapping as for instance three-fermion
or six-fermion composites or even both kinds
of bound states simultaneously.

v) The proofs of “equivalence” by means of path
integrals are incomplete. If Z(7,7) and Z (n.7.J)
are the generating functions of NSF-models
and Yukawa theories only the “‘equivalence”
Z(n, 7) = Z(n, 7,0) is formally obtained. The
extension of the equivalence to the full Z is an
arbitrary extrapolation.

vi) Calculations with simplified models show that
no true equivalences can be obtained by strong
mapping. Rather, even in very simple models
the situation is more complicated and needs a
careful examination of the spectrum etc.

vii) Strong mappings between FDNSF models and
coupling theories are merely definitions of
nonrenormalizable theories in terms of re-
normalizable coupling theories but no genuine
maps. .

viii) The inverse problem, i.e. the strong mappings
of coupling theories on to spinor theories lead
to nonlocal four-fermion interactions.

There are some attempts to extend in various
ways the strong mapping procedure described so
far. Kleinert [52] and Pervushin, Reinhardt and
Ebert [53] proposed to use bilocal spinorfield
operator products for the definition of composite
bosons. Apart from the objection iii) the evaluation
of their map crucially depends on the calculation of
a Green function for a nonlocal Dirac equation
which itself depends on the arbitrary variable
unknown composite fields as potentials. Thus no
general statement can be given about a map
independent of dubious approximation procedures.
The same objection holds with respect to the work
of Furlan and Raczka [54]. The mean field expan-
sions of Tamvakis and Guralnik [55] and Guralnik
and Tamvakis [56] as well as of Bender, Cooper and
Guralnik [57] suffer from the same defect. In addi-
tion, those authors obtained equivalences only for
infinite coupling constants. A new line of research
has been opened by the treatment of non-compact
CP" models, cf. Holten [51]. But in such models the
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gauge group invariances are already contained in
the original Lagrangians and the map reveals only
the possibility of transforming such physically
meaningless representations into the common non-
abelian gauge boson representations. Such models
are of minor interest for our problem under con-
sideration.

Some of the difficulties encountered in the above
approaches can be removed if HDNSF equations
are used. In this case no emphasis is laid on the
attempt to make nonrenormalizable NSF models
via a map renormalizable. Rather one is interested to
study the formation of various bound states. Diirr
and Saller [58] and Saller [59] extensively studied
the possibility of the deflation and inflation of the
number of independent field variables in connection
with the transition from coupling theories to NSF
models and vice versa. They use HDNSF equations
with nonlocal four-fermion interactions, the latter
being equivalent to infinitely high order derivative
coupling. Then by appropriate subtractions etc. they
define local and nonlocal operator products as
gauge boson operators and investigate symmetry
breaking etc. Emphasis is laid on the mechanism of
proliferation of fields and not on strong mapping
itself. With respect to strong mapping these interest-
ing papers partially suffer from the drawbacks
described above and the authors concede that so far
inflation, i.e. the strong mapping of HDNSF models
on realistic coupling theories has only been a
program.

To circumvent all these difficulties connected
with strong mapping procedures in [5] a weak
mapping, i.e. a mapping between the corresponding
state spaces was introduced and for the case of the
relation between an HDNSF model and a Yukawa
theory exemplified. The development of weak map-
ping procedures in nonrelativistic physics was
described in [5]. The main application was done in
nuclear physics culminating in the cluster physics of
nucleons by Wildermuth et al. [60], Schmid [61] and
Kramer [62] and in nuclear quark physics by Faess-
ler [63], Mither et al. [64]. Weak mapping in
relativistic quantum field theory uses the same idea
but needs a more sophisticated elaboration with
genuine field theoretic methods in order to achieve
any result.

With respect to weak mapping in relativistic
quantum field theory the first step was done by
analysing the behavior of two-fermion bound states



688 H. Stumpf - Nonlinear Field Theory of Composite Vector Bosons

in relativistic quantum mechanics. For such bound
states it was shown that for the center of mass
motion corresponding massive vectorfield equations
or Maxwell equations etc. are satisfied. In the early
papers the “fusion” of fermions was considered only
on the kinematical level, subsequent papers took into
account binding forces. For instance de Broglie [65],
de Broglie and Winter [66], Bargmann and Wigner
[67], Sredniawa [68], and Sen [69] used interaction
free wave equations while Bopp [70], Rosen and
Singer [71] and Clapp [72] considered wave
equations with interactions. The quantum field
theory requires a weak mapping not for a single
composite boson but for an arbitrary number of
composite bosons including their interactions etc.
and is thus much more complicated than the treat-
ment of a single composite boson equation. Never-
theless, one can take advantage of these single boson
equations for the evaluation of cluster equations
which define the single composite particles in
quantum field theory and which are the first step in
the quantum field theoretic weak mapping proce-
dure. In particular, we shall make use of the spinor
algebra representation of solutions of spin 1 Barg-
mann-Wigner equations.

Finally, Weinberg and Witten [73] published a
theorem which seemed to exclude massless charged
vector bosons as being composites. However,
Sudarshan [74] showed that such a far reaching
consequence cannot be drawn from the theorem
mentioned above.

In the following we generate massless composite
vector bosons by a suitable choice of coupling
constants or fermion masses and mass differences of
the basic HDNSF equation, in order to enforce
vanishing mass eigenvalues of such bosons in the
corresponding cluster equation. Usually massless
particles are generated by a symmetry breaking
mechanism, cf. Diirr and Saller [58]. But these
symmetry breaking mechanisms are in general noth-
ing more than the assumption that certain vacuum
expectation values do not vanish and are thus
identical with a mere adaption of constants. There-
fore in principle there seems to be no great differ-
ence between the two procedures. This point of
view is supported by a paper of Ahrens [75] who
showed that the transition to vanishing masses
suffices to produce all group theoretical peculiar-
ities of mass zero vector bosons which are required
for a proper treatment of weak mapping.

In [5] the weak mapping was studied in the low
energy limit as well as in the high energy limit for
an HDNSF model with composite fermions and
composite scalar bosons. The high energy limit is
the more interesting one since in this limit form-
factors appear which indicate the deviation from
the local interactions of the phenomenological
theory and which lead to new experimentally verifi-
able predictions. On the other hand, the evaluation
of this limit requires a greater calculation effort.
Since in this paper we are primarily and basically
interested in the possibility of obtaining phenome-
nological non-abelian gauge theories by weak map-
ping procedures we do without the calculation of
formfactors and restrict ourselves to the discussion
of the low energy limit.

1. Fundamentals of the Model

The general unified nonlinear spinorfield model
which is assumed to be the basis of the theory is
defined by the field equations

[(=i9# 0+ my) (= 0720, + ma)]up wp(x)

=9 Vatﬂ','é W[f(x) l/_/,(Y) W&(x) (11)
where the index « is a superindex describing spin
and isospin. In the original FDNSF model of Heisen-
berg [12] a massless spinorfield was used which was
assumed to be a Weyl-spinor-isospinor. Due to the
mass terms in (1.1) the corresponding spinorfield has
to be a Dirac-spinor-isospinor. In [1] and [3] the
isospin was interpreted in terms of recently published
preon models. But whether the analytical results of
the evaluation of (1.1) have a similarity with the
proposals of such purely combinatorial preon
models cannot be decided at present and depends
on further investigations of the model. In the follow-
ing the isospin is formally treated without any
specific preon interpretation.

In contrast to the nonrenormalizability of FDNSF
models and the difficulties connected with this
property the model (1.1) exhibits self-regularization,
relativistic invariance and locality for common
canonical quantization.

For the application of an energy representation
equation (1.1) has to be decomposed into an equiv-
alent set of FDNSF equations. It was proved by the
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author [4] and Grosser [2] that the set of nonlinear
equations r =1, 2

(= iy* 8, +m)up 0p(x)
=G 2 2 Vapys 0ps(x) 80 (x) 05,(x)  (1.2)

Stu
is connected with (1.1) by a biunique map where
this map is defined by the compatible relations

Wa(X) =0y (x) + Py2(x),
@x1(X) = A (=i y* 0y + ma)up wp(X),
Px2(X) = Ao (— i y# 8y + my)up wp(x) (1.3)

with 4,:=(—=1)"(24m)~"and dm = 1/2 (m, — m,).

The quantization of the model was performed in
[3] and [4]. It turns out that the w, ¥ anticommutator
vanishes for equal times, and therefore in the inter-
action term of the corresponding Lagrangian all
field operators completely anticommute. This is an
essential property required for an unambiguous
consistent definition of the vertex operator. Due to
the condition of forminvariance of the correspond-
ing Lagrangian density against Poincaré-transforma-
tions, global isospin-transformations and permuta-
tions of the field operators the vertex operator must
have the general form

Vo= 1 (S hpols= T olorts). (14)
A A

If we explicitly introduce the spinor-isospinor
indexing by writing « = (%, 4) and assume the unit
operator to be the vertex in isospin-space then v”
reads

(1.5)

With respect to the remaining spinorial vertex part
we assume the most general chiral invariant scalar
and pseudoscalar coupling 4 = 1, 2 with

/Y |
lm/}"_ LaﬁéAB-

(1.6)

which was used in the symmetry breaking FDNSF
model of Nambu and Jona-Lasinio [76] and which
is equivalent to the vector and pseudovector
coupling of Heisenberg’s FDNSF equation [12] due
to the Fierz theorem. Although the kinetic part of
(1.2) is not chiral invariant, this kind of coupling is
needed to obtain mass zero bound states in the
theory as will be demonstrated in the following.

For the following investigation it is convenient to
replace the adjoint spinors by the charge conjugated

fapi=0up; T2gi=17%2p

spinors. Observing the properties of (1.4), (1.5) and
(1.6) we obtain from (1.2) the following set of
equations (j =1, 2)

(i 0, vhp— m; 04p) Oujp (1.6a)

— ah = Y
=092 2 s 0amp(Paix Chn Onp OB k),
h mlk

(= 10, V4f — m;dsp) Paj (1.6b)

=49 Zh: Z{k 45 Pamp(Ppix tax OB OB k)
The charge conjugated spinor is defined by
(1.7)

and taking into account the properties of the
y-algebra we obtain from (1.6a) and (1.6b) the
transformed equations (j = 1, 2)

(Nl W
Pajv-= va’ (ijv’

(10, vhp—m; Oxp) Pujp (1.82)

== )"jg Z Z L‘gﬂ ¢Amﬂ((p8k;{ﬁfex' Cx'v 658' (Pfl’lv),
h mjk _]-_—I 2

(1 0y vip— m;up) 0358 (1.8b)

, 5 b
=—/49 Z}; ;k 0 5 0Smp(@Bkx Crse Cory Op 95'11) 5
m

j=12.
Defining the superspinors
Pajul = Pajos
Paja2 = Odjxs (1.9)

we can combine (1.8a) and (1.8b) into one equation

>, (DY.2,0,— mz.z,) ¢z,
73

= 2 Ubz2.2020z0z (110
hZ2Z5Zs
with Z:= (a, A4, i, A) and
o = spinor index (x =1, 2, 3, 4),
A = isospinor index (4 =1, 2),
i = auxiliary field index (i = 1, 2),
A = superspinor index (4 = 1, 2),
where the following definitions are used
D%z,  =iYhu; 04,4, 0niz Oniste
Mz,z, =M Ona, Ousa, Oisiy Oty » (1.11)

h s s R ~h
U2%,2,2,2,"= 9 %iy Uty 0434304080 (0" Cagry 434, 0451 02
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The quantum states of the model (1.1) or (1.10) respectively are described by state functionals I [j.a])
with respect to the states {|a)} where j =jz(x) are sources with corresponding Z-indices. For concrete
calculations it is necessary to introduce normal transforms by | T) = Zy[/]| &) and the energy representa-
tion of the spinorfield in terms of state functionals. Both procedures were discussed in detail in [3] and
need not to be repeated here. The resulting functional equation reads

20T =Y [jz(x)iD%7,[D5 2,0k — mzz,]0z,(x)d* |F)
YAAVA

+ 2 jz(x)iD%z,Ub 2,2,2,dz2,(x) dz,(x) dz,(x) d*x &) (1.12)
hZZ,Z,Z3Z,
with
dz(x) = 0z(x) = 2 [ Fzz/(x. X) jz (x') d*x’ (1.13)
-

If Eq. (1.12) is projected into configuration space it allows the transition to a one-time description of the
states | ¥ ). Formally this can be achieved by substituting jz(x) — jz(r) d(z) into (1.12), (1.13) and | ) and
by writing d(r) = d(r, 0). Then we can replace (1.12) by

Po = 2 [jz(r)iD%2,[D% 7,0k — mz,2)0z,(r) d°r )
77

1Z2

+ Y [jz(niD%z,Ub 2,2,2,d2,(r) dz,(r) dz,(r) d°r | §) (1.14)

hZZ\ZyZ3Z,

and with the abbreviation

K, =Kzz,(r,rn) =i D37(D5;,0k—mzz,)d(r—r), (L.13)
Z

Whii, = Whzzz,(rnrar, 1)=i 2. D3,z U z,2,2,0(r = 12) 0(ry = 13) (ry — 1), (1.16)
z
Eq. (1.14) can be written in the compact form

Pl =2 inKnnon ¥ + X jnWhindidnd,|F)=#F). (1.17)

L, hly 11314

We assume the spinorfield interaction term to be normal-ordered. Then by evaluating this term in the
corresponding functional equation (1.17) we obtain the following formula

di,dy, dp,=01,01,01,— Y, Frx jx 01,,— > F1,xjk 01,01, — > Fr,xjk 01,01,
X K K
+ 3, FrxFrx jxjx 0+ 2 Frx Frkjk ik oy, (1.18)
KK’ KK’
+ Y FrpxFirxjkix 0,— 2. FrxFrx Frxjxjx jx-
KK’ KK'K”

i.e. by the normal-ordering renormalization prescription the local terms F,;, d;,, Fi,1, 01, Fr,1, 01, (in
connection with the definition of W) drop out.
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2. Leading Term Approximation

Yang-Mills-fields are bosonic fields. In order to
perform a weak mapping of the quantized HDNSF
model on such fields we consider only boson states
of the corresponding cluster state spectrum of (1.1)
and study their mapping behavior. Bosonic states
can arise by the aggregation of 2n (n=1,2,...)
elementary fermions and (or) antifermions. There
exist some indications that the realistic Yang-Mills
bosons are composites of 6 fermions and (or) anti-
fermions. For a first step in this direction it is,
however, convenient to avoid such rather com-
plicated 6-fermion states and to first discuss simple
two-fermion states.

The weak mapping of a mixed spectrum of two-
preon scalar boson states and of three-preon
fermion states was discussed in [5]. By a detailed
investigation it turned out that the cluster state
representation of the functional energy operator 5#°
(definition 1.17) leads to a hierarchy of interactions
where only the leading terms are of interest since
the higher order terms have only a negligible
influence on the physical reactions. A closer inspec-
tion of this result reveals that this hierarchy of inter-
actions is generated by the normalization properties,
the energetic properties and the number of
participating wavefunctions in the various inter-
action terms. This situation is qualitatively not
changed if we consider the interactions of vector
bosons instead of scalar bosons. Therefore, for the
following investigation we take over the results of
[5] and discuss only those terms which were proved
to be the leading terms of the boson-boson inter-
actions.

For the case that only two-fermion cluster states
are taken into account the weak mapping is defined
by the introduction of the boson source operators

b= Z C;(llzjlljlg

L,

(2.1)
and by the boson representation of | &)

Fy=2 2 c(Ki...Ky) bg,... bk, |0)
N=1 Ky Ky 2.2)

cf. [5], where both definitions refer to the one-time
formulation. The coefficients C{’ in (2.1) are the
boson wavefunctions.

The representation of the functional energy states
F) in terms of cluster state source operators as
given by (2.1) and (2.2) induces a transformation of
the corresponding functional equation (1.17), i.e.
the operator 2 of this equation which initially
depends on the fermion source operators is trans-
formed into the boson source operator representa-
tion. Thus we have in our case the equality

}V[/ —o-} == %{b 2

5 55 | (2.3)

where # is the boson-transform of 2. Such trans-
formations were studied in detail in [5] with respect
to cluster boson states as well as cluster fermion
states and we can take over the formulas of [S] by
merely omitting all those parts of the transformation
where composite fermion variables occur. Using the
same notations as in [S] we thus obtain from [5]

5

=3 k. (2.4)
k=0

Before discussing the various terms of (2.4) we

apply to (2.4) the leading term approximation.

According to [5] this approximation can be charac-
terized by two steps:

1) The complete set of cluster states, i.e. of scatter-
ing states as well as of bound states is reduced to
the subset of bound states;

11) the complete set of transformed functional
energy operator terms is reduced to the subset of
highest magnitude terms.

While the first step is justified by energetic
estimates (decoupling theorem, extremely heavy
scattering state masses), the second step is justified
by interaction estimates (perturbation theory,
extremely small coupling constants). According to
the calculations of [5] in this case the boson energy
transform (2.4) approximately goes over into

A XY + () + (D), (2:5)

where the brackets symbolize step i), while 4%,
k=1,2,5 are omitted due to stepii). In [5] it is
argued that even (#%}) and (2%}) do not con-
tribute to # due to energy conservation. But this
argument holds only for scalar bosons but not for
vector bosons. Thus in the case of vector bosons all
terms in (2.5) have to be fully taken into account.
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The remaining terms in (2.5) read explicitly

%) = > jnK, 12(5121710
hiK bk
0
= Y Ji Wil \F1,1jr(01,01,bx) + Frr jr (01,01, bx) + Fr,p jr (64,01, bx)} —— (2.6)
11,1514 6b,<
I'K
0 0
(#5) = 2 j1 Wi, {(81,01,bx) (01, b)) — (34, 01, bk) (01, bx) + (01, bk) (01,01, bx)} — —— @27
hilylsl, Obg Obg
KK’

A= 2 Wi AFLr Frrir jr (512 bx) + Frp Frpjr jir(O1,b6) + Frop Fro jr jr(01,bx)} —— b
hilylsls K
SR (2.8)

For the further evaluation of these terms their symmetry properties have to be carefully taken into account.
We start with the discussion of (2.6). If (2.1) is substituted into (2.6), if the antisymmetry of the boson

wavefunctions C¥ = — C§' is used and if it is observed that any coefficient function of the product j,j, is
reduced to its antisymmetric part, then by a straightforward calculation it can be shown that (2.6) yields
. . 0
(%)= 2. Jjijr(Kmwdpw + owKpw) CEY
I obk
WW' K
L, O
> Jir (Whiror, Fryr— W} ' 1oLk FLgl) CEF 5 (2.9)
2 hLiLsks obg
II'K
where the definition
W;'L1L2L31= { W;ILngLg}as(LngLg) (2.10)
is used. According to [5] the dual relation of (2.1) reads
Jiir=2 Rl by Q.11
=

and if this relation is substituted into (2.9) we eventually obtain

, , 5
(#5) =2 RE(Kw dpw+ dw Kpw) CEY by —
7% obg
ww’
KK’
> RE Wi, Fryr— Whis,, Fra) CEbb (2.12)
2 hLyLyLs 5b,<
1%
KK’

where due to the approximation step i) the summation over K’ and K is extended only over the bound
boson states.

In a similar way the term (2.7) can be treated and we obtain

0 0
(#3)= 2, RE (Wi, Chl'—Wh ' LLoL, CRT) Cht2 by —_— (2.13)
hLiLsLs Obg by
Vi id
KK'K”

which is ready for direct evaluation.
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In order to explore the meaning of (2.8) we ob-
serve that after substitution of (2.1) this term con-
tains the direct product of four fermion source op-
erators and thus by means of (2.11) of two boson
source operators. Furthermore, it can be shown that
the direct product bg ® byg can be expressed in
terms of bg~. From this it follows that (2.8) finally

. . o . .
can be written in terms of beF, 1.e. this term
K

contributes to the selfenergy of the bosons but not
to their interactions. By a rough estimate it can
further be shown that this term contributes ad-
ditively in the magnitude of m~'? to the mass
term m in (2.9). In the leading term approxima-
tion (2.8) can thus be omitted. For the sake of
brevity we do not give an explicit derivation of this
result here.

3. Low Energy Boson States

The weak mapping of the self-interacting preon
field on a (self-interacting) composite boson field is
defined by the functional relations (2.1) and (2.2).
For an evaluation of this map the general explicit
form of the boson wavefunctions of (2.1) is needed.
According to the leading term approximation only
the bound states have to be taken into account and
thus only these states have to be discussed. Further-
more, for the purposes of a first investigation of this
map it suffices to consider its low energy limit. In
this case it is easy to derive the general explicit
form of the wavefunctions under consideration. In
order to perform this derivation we have to abandon
the formal notation of (2.1) and to replace it by a
full indexing.

The general index [/ of (2.1) is defined by
I:'=(r,Z)=(r,a, A, i, A). For the following inves-
tigation it is convenient to combine the isospin
index A and the superspin index 4 into a single
index » by means of the map (4, 4) — x, i.e. by
(A, D) =1,1D)(1,2)2, 1)(2,2)} = {x=1,2,3,4}.
With this notation we have [ := (r, i, «, ») and (2.1)
reads with d3r = dr etc.

/

n r.r | n r r
k rnr' |k | ,

o[ S )= el DT 1 D Jarar
o rr’ X X Q o 3 ]
/ o’ %, 7 1 Py ( . )

xx'

where we resolved the general index K into the
detailed form K := (n, k, o, j) with

n = internal boson exication index,

k = center of mass momentum vector,
0 = spinor state index,

j = isospin-superspinor state index.

According to [5] in the low energy limit (as well
as in the high energy limit) the dependence of
boson wavefunctions on the auxiliary field indices
(r,r") can be decoupled from the remaining vari-
ables. Taking over this result and decomposing the
wave functions into an internal part and the center
of mass part, (3.1) yields

n
k NG "
b =Z U “'ezk(r+r )1/2
Q re’
] m”
r
Cyli(r—r k) j i ; drdr, (3.2)
a o ’
” b4 z’
where the matrix U is defined by, cf. [5]
) Ull UIZ
ur :=(U21 Uzz)
_ Bt =124y 297ty 23
=c\y o 1,y 115 . (3.3
L =, s 312+ 7

As U and the center of mass part of the boson *
wavefunctions are symmetric with respect to an
interchange of their variables the antisymmetry
condition for the complete wavefunctions C¥" leads
to the condition

1§ (r=r k)= 38/ (r' = r)| k)
o [+ 4 a o

x A 4 %

(3.4)

for the internal wavefunctions y. This condition can
be satisfied in various ways.

Without loss of generality we may expand y in
terms of a Dirac algebra with respect to («, o") as
well as with respect to (x, x'). If we denote the
corresponding basis elements by the sets {S7,} { Ty}
we then obtain

2 (r—r k)= (r—r|ko,t)Siy Thy. (3.5a)
2 o ot

x A
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For the following investigation it will turn out that
the various basis elements themselves of the expan-
sion (3.5a) are appropriate boson states, i.e. it is
possible to identify the spinor state index o with o
and the isospinor-superspinor state index j with .
Therefore, we consider the set of internal wave-
functions

25 —r k)= 5 (r— 1 | k) Sy The. (3.5b)
1 o

% #

In the low energy limit, i.e. for small values of k the
dependence of the internal wavefunctions (3.5) on k
can be neglected. Furthermore we assume that
besides the bound boson groundstate no low energy
excited bound boson states exist, so that we have to
take into account only #» = 0. This remaining ground-
state must then be symmetric in the space coordi-
nates, 1.e.

lim 7' (r = k) =728 (r =) =28 (" =n. (3.6)
Thus there remain two possibilities to satisfy (3.4):
We can either require S° symmetric, 7' anti-
symmetric or S¢ antisymmetric, 7' symmetric.

The study of the interaction-free Bargmann-
Wigner equations shows that the first combination
has to be applied in order to obtain vector boson
states. We thus try to apply this combination to the
more complicated case of the fermion-fermion
fusion with internal and with boundstate-bound-
state interactions.

The symmetric representation of S is defined by

:So}s:= :}Y}IC’ ):uvc} (37)
and the antisymmetric representation of 7' by
(T as = {ivuys C, iysC, C}, (3.8)

where C is the charge conjugation matrix, cf. Lurie
[36].

Under these assumptions in the low energy limit
the relevant elements of the map (3.1) eventually
read

0
k " . ’
b - rr ik(r+r)1/2
" ;U je
i/ ,
r r
- . ", ’
St Thex§' =) j| D) 0] drar. (39)
v %)

The general explicit form of the dual relation (2.11)
which is also needed for the evaluation of the trans-
formed functional energy operator (2.5) can be
derived under the same assumptions. This was
extensively discussed in [5] and therefore we give
only the result for the case of vector boson states. In
this case (2.11) yields

/

r r
of 4 4 o rr (L, —ik(r+r)1/2
Myl |2 sm e
% 7if
0
So Tt gt ’ k
S5, Tl g8 r=ry b | dk, (3.10)
!
where the matrix S is defined by, cf. [5]
, sl g
S ::( A
sS4 8
_ (x5 V2tn —gn
=c . i (3.11)
—377 + 1, s 3 24nl T

and {S?) and {T"] are the sets of dual elements with
respect to (3.7) and (3.8). The bound boson states
which occur in the low energy mapping relation
(3.9) are defined to be eigenstates of the functional
cluster operator #° which was defined in [4] and
[5]. But we do not intend to give a detailed discus-
sion of corresponding eigenstate calculations in this
paper. Rather we aim at a suitable evaluation for
the boson transformed operator (#33) of 2#°° which is
required for a detailed analysis of the map. For this
(approximate) evaluation only some general prop-
erties of the internal boson state wavefunction (3.6)
are needed, i.e. the general explicit form of the map
(3.9) and (3.10) suffices to gain the desired insight
into the mechanism of this mapping procedure. In
this section we only evaluate (#3}).
We decompose (#43) of (2.12) into two parts
(#55) = (5" + (73", (3.12)
where the first term denotes the kinetic energy
while the second term denotes the interaction
energy. Written with full indexing these parts read
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rr |0 rs r.s r, s r,s
rr | k' LS ¥, s s 7,8
(’”A%)I := Z S R ¢ ’ K ’ ' + o 2 ’
o' | o %2 0 2,0 2,0 )
w, x|t ) 7,V X, V w, v
s,s" |0 0 0
s, 8" | k k' k
C , 12 B e drdr’ dsds’ dk dk’;
0,0 |0 o o (3.13)
wv' |t t t
rr |0 rr,r.nr ry, r r,r,r,r ry. r
. rnr |k’ ol T, 2L T ry, r’ P I S N r3.r
(’}/b(;))” = Z S R , , ”/h Iy 29 %3 F 3 , _Wh : 15 725 %3 F 3 )
oL | o o, 0y, Oy, O3 o3, & a, oy, 0a, O3 0l3 5 X
A |t Ky Ky, Ay, A3 3, % ® oy, Koy A3 X3, %
r, rn 0 0 0
i, | k k’ k
.Ccl ' "2 b{ ,] 0 drdr’'drydrydrydk dk’. (3.14)
A, | O ag g
K, | T t’ t

If the combined isospinor-superspinor index x is applied to the definitions (1.11) and (1.15) and if these
definitions and the wavefunctions of the map (3.9) and (3.10) are substituted into (3.13) we obtain by a
straightforward calculation the expression

(y/hob)l Z je—lk & Sxat /0 1(") L[ [ 0‘59(% af{"’ all\l) +m* ﬂxﬁ] 51 0

0

’

+ 0y [— i ¥y (3 0k — 0%) + m* Byyll eSSy 8 (u) b ’; 0 dzdudkdk’, (3.15)

~a xS

where tr(US) = 1 and tr (7" T*) = §,, were used and

the definitions . .
for the groundstate and with the Fourier transforms

m* = 1 (5= 212)(m + my), .
0
: =lr+r), w=(@r-r) , . : |k
2 brg (z) :=j’e—:kzb k/ dk,, a?(z) :=§elkza dk
were introduced. g a
As for Lorentz-transformations the set of solutions L 4
(x§") is intermixed by the transformation laws of the (3.17)

set (3.7) and as due to the Lorentz-invariance of the  Eq. (3.15) yields

theory the transformed set must again be a set of

solutions for the same particle, it follows that the set  (#0)! = z js b7 (2) {[——119 0i+m ﬁm}
(/0’} has to be energetically degenerate and that aa't

78" = 78" = 0 must hold. Thus we have
GE a8 =g =1s (3.16a)
8" 0t x8"> = (xos Ok xop =0 (3.16b) (3.18)

4B —éa;ﬂd o + m*ﬂ,,g,” S2,89(z) dz.
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The term (3.14) can be treated in a similar way. For Furthermore we need the explicit form of the
its evaluation we write W’ of (3.14) in the form propagator F. Due to the replacement of the adjoint
spinorfields by the corresponding charge conjugated
F. r, 1 spinorfields in the basic equation (1.10) this prop-
2] BARAUKEIRER WEEIE 7 TET e agator is defined by
W Oy Oy Oy O3 ( 1) (X}qleg) (319)
A Ay Aoy A < _
5% %, o(r—ry) o(r—ry) 6(r—ry), Fi(r.r') =044 O F(rr) (3.20)
¥ -Fian 0
7h & ' 't e
where V" follows by comparison with (1.11), (1.16) il i e Bl Cen Fegefion
and (2.10).
Fi(r,r) = 01T pfi(r) p4(r) 0). (3.21)

Under the assumptions about the wavefunctions which were made above, from (3.14) we then obtain the
expression

(«Wi,%)ll: ’7—1 Z j’SVr -lkz a! (ll I”) [(_l)r I}h(::;:::;) Fr’guzl eikul/Z ( l)r Vh(1 111213) Fr(: ,;) e-—ikul/Z]
3 3

hrr' ;(y' datt H A2 %3 3
0 0 (3.22)
ikz .0t | kK’ k - ’
et 8 (0 k)bl ) 0 dzdudk dk’.
o102 a ag
A1x2 t t

By means of (3.11) the summations over r and »’ can be explicitly evaluated and yield

D (=1)y S F'=2"2(F' + F?) (3.23)

rr

Apart from the different arguments # and — u this result holds for both terms in (3.22). We now express the
propagator (3.21) in terms of the ordinary propagators for ¢/, 3/ and apply the scalar approximation
discussed in [S]. With u :=r — r’ this gives

0 Ca(_ 11’

&l . ) 77 () == Oaw ohw Cod ™' 0(u) = 7" Gl v (w) (3.24)
oo’

2
2 F‘(’J') 5,4'(

i=1 o
and with (3.17), (3.23), and (3.24) Eq. (3.22) goes over into
D=2 2 [ 78" 0) 16'(0) b7 (2) 07(2) dz [P (332223) G aaw — PH(E223) Cih i) - (3.29)

According to [5] in the low energy approximation we have x§'(0) ~ m*? and with #:=m/Am and (3.5) we
eventually obtain for (3.25)

D" = (Am)* m [ S, Ty Mg b (2) 07(2) dz (3.26)
with -

M= Z [PEaR Gl B — PEERR Gl ] 860, Thns- (3.27)
The expression (3.26) can be further reduced. For its explicit calculation it is convenient to consider instead
of (3.27) its projection on 7" given by

M, (', 1) = Th, MZh. (3.28)

%%
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"l:he calculation of (3.28) is straightforward. If one observes that the map (4, 4) — x leads to a y° matrix in
" for the isospinor-superspinor indices we have with § = g (24m) ™!

Ph(Emsn) = z;( {(=1) 9 O° "), (0" C)ayo, Oy, Vi) (3.29)
cly]clic

and taking into account all symmetries we obtain for (3.28)
M7 (' 1)= 6, 2g - ﬂ:g 51’@’ - 519 ﬁa’g’ + (B 75)19 72’9’ + ?2g(ﬂ 75)1’9’] Sgog’ . (3.30)
This expression can be substituted into (3.26). The combination of (3.30), (3.26), (3.18), and (3.12) then

finally leads to

A o I
((%%) = Z S Sy b7 (2) “_ = 3‘59 Of +m* ﬁag] 51’9’ + g*[— Bz 51’9’ + (B 75)19 72’9’]
oa't 2 (331)

i o g (2 -
+ 519 - 7 CXL(’Q’ a} + m* ﬁz’g’ + g* [_ 51@ ﬂaz’g’ iy yig(ﬁ ys)u’g’] SQQ’ al (z) dz

with g* := 2§ (4m)*m. The g*-terms are the leading term-approximation of the internal cluster interactions
which produce the binding forces between the elementary preons involved in this state formation. As will
be seen in Sect. 5, for an appropriate sign of § these terms allow the construction of small or vanishing
eigenmasses of the bound boson states in spite of the very large preon masses of the original spinorfield.

4. Boson-Boson Interactions

The boson-boson interaction term is given by (2.13). Written with full indexing this part reads

rar, 0 r, r,r,r; r39r, 0 r/s r, nrn,nr r3, r O
’ ’” ’ ’ ’ ’
r, r k - r, ry, Fa, F r3, r k - Ly, ra, F r3,r | k
(%%,)=25R M S el ) g I B Sl B (ol et
&%, & H o, Oy, %o, A3 o3, & H £, xy, A, A3 A3, 00 | W
P I H, Ay, K2, A3 3, % | J’ Wy, 3] \uz, 2 |
r,r |0 0o\ . /0 0
r,rm | k k" k' k
W ol s bl ", || |0 drdr’drydrydrsdk dk’ dk”. 4.1)
= oy, 0 | U H u H
1, % | Jj i Vi j

For its evaluation we substitute the explicit form of the wavefunctions R and C which follow from (3.9) and
(3.10) and the vertex expression (3.19) into (4.1). With (3.3) and (3.11) we obtain for the sums over the
auxiliary field indices in (4.1)

T Um=52ym S -1y ST U =22 by e

rra rr'ra
etc. If furthermore the energetic degeneracy of the wavefunctions is taken into account and the low energy
approximations yo(u|k) = yo(u) = yo(— u) and xo(0) ~ m*? are used, the expression (4.1) eventually goes

over into
212
Hhp) = :
(#%b) %:51/5'7

[ A (o 22z s ikul/2 Qo' v o t _ h(a oo —ikul/2 4 1 a t
[V xx;xz xa) e 3131’ Tx;,x’ 51112 Txlxz V (x’ u:z:xg) e Sg;,x TZSZ 51113 waz]" (43)

232 S, Tl | yo(u)|? 6% (2) 0% (z) 0%(z) dz du
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Due to the strong concentration of y, about the
origin in coordinate space and due to the wave-
function normalization of y, we approximately put
7o(u) > ~ 6(u) and obtain from (4.3) the expression

2
2 2 m¥2 [ Sg Ty b7 (2)

HE

07 (z) 6¢

(H4p) =

(z) dz Mg

A

(4.4)
with
MzEot= Y, [V (3559 She Tigwe St Thn
un' h
— PR ) B Te S Tl [ L)
The expression (4.5) can be further reduced. For its
calculation we consider its projection on S and 7"

M(5/99) = Sy T Mg, (4.6)
and substitute (3.29) and (1.5). This yields
(, t’o) gtr'T’ ST’(T' )T)
tr{[y’ S°C— (%) §°(* O] S7($°)T}. (4.7)

In this section we explicitly calculate only the first
part of (4.7).

The full set of antisymmetric 7'-states is given by
(3.8). This set explicitly reads

IT”_{(UZ 0 g2 0 0 1
SN0 @\ =62’ \=1 o)
0 a’)

(-=Die" 0/

By direct calculation it can be shown that the first
three elements of the set (4.8) completely decouple
from the other elements with respect to the inter-
action (4.7). Thus the set (4.8) decomposes into two
subsets which are invariant under the system
dynamics and do not mix among each other. We
therefore can study the dynamics of these both sets
separately. As in phenomenological non-abelian
SU (2) vector-boson-gauge theories triplets are the
elementary representations we choose the subset

[ 3 p— O U[ —_—
lT,_{((_l),a, 0), 1—1.2,3} (4.9)

in order to reproduce the phenomenological vector
boson dynamics. For this triplet a straightforward
calculation yields

t=1,2, 3}. (4.8)

w{T'y’ TV (")} == 2i """ (4.10)
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where the dual set of (4.9) which is given by

A 0 (=Die!
T = [(0’ 0

was used. By substituting (4.6), (4.7), and (4.10) into
(4.4) we finally obtain the expression

), z=l,2.3} (4.11)

()= Y, G*e'"" (b2 (2) 87 (z) 0%(z) dz  (4.12)

gl
e

(14,0 4 5 a 5 1
S;: L /11,S1112 Aoty (/ 4 )111 Sz,a;(}" C)1213] 131’1
with

2 VZ 3/2 4

G*=—-2i Zm
51/5’7 g .

(4.13)

If the definitions of # and ¢ are substituted into
(4.13) this formula reads

212 -12
55
and is thus expressed in terms of the elementary

constants of the model. In this intermediate step G*
is purely imaginary. In the final step i will drop out.

G*=—i

g (4.14)

5. Evaluation of the Map

The weak mapping of the spinorfield model on to
a vector-boson field model is defined by the boson
state expansion of the spinorfield state functional
(2.2) with (2.1). Due to this expansion the general
energy representation has to be transformed accord-
ing to (2.3) and we thus obtain from (1.17)

ior= 2] 3= 7|

0

—| |5 (5]
5b] - (5.1
This transformation procedure was extensively
discussed in [5] and for details we refer to [5]. If the
results of Sect.2 are used, in the leading term
approximation #” is given by

# = (%) + (#4h) (5.2)

and the evaluation of the terms on the right-hand
side of (5.2) yields for (#3}) formula (3.31) and for
(#43) formula (4.12).

Compared with the original formulas (2.6) and
(2.7) for (#Y%) and (#%}). in (3.31) and (4.12) the
spinorial indices remained unchanged while all
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other degrees of freedom were already cast into a
suitable form. Obviously for the final evaluation of
the map these spinorial degrees of freedom have to
be appropriately treated.

The set of spinorial basis elements is defined by
(3.7). This set can be written in the form

(859 = {s° C) (5.3)
with {s%} = {y,, i a¥, (= 1)'*' g/} and
k% ak 0 (5 4)
g = 5 d
- 0 o

where for brevity we omit the bar in the following.
The decomposition of the set {s’} into three

subsets {y,}, {i 2*}, {(—1)"*' ¢/} has a physical mean-

ing. According to de Broglie [11] and Lurie [36] in
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the interaction free case the set {y,} corresponds to
the vector potential, while {i«*} and {(—1)"*!a'}
correspond to the E-fields and B-fields respectively.
We take over this interpretation for the case of a
fusion model with interaction as is treated in this
paper and transfer this interpretation into the func-
tional calculus. Then the set {y,} must correspond to
the sources {b*} of the vector potential while {i a*}
and {(—=1)"*' ¢/} correspond to the sources {h%*} and
(b} of the electric and magnetic fields respectively.
Thus (with inclusion of the gauge group indices) we

may write
f = A (HE En B Bn
7,07} = {17}4“, ot} w {brx, 07 L (b, 07 (5.5)

With this notation we obtain by a straightforward
calculation from (3.31)

=2 I 8567 (2) {([ % 2’| 0, + (m*-2g%)[5, y“]) C} O (2)dz
+> (8267 (2) {([ioc",%cx’ (3,+m*[/)’,i:xk]) C} 0Fx(z) dz (5.6)
otk L 0 4

atl

+ Z j.S:;’a b7 (2) {([(_ 1)1 Gl,éa’

0, + m*[B, (= 1)*! a’]) C} 0B (z) dz,

where it has to be emphasized that this expression contains not only the kinetic energies of the preon
constituents but also (in a suitable approximation) their internal cluster interaction energy. In contrast
to the interaction free equations in ordinary space of de Broglie [11] and Bargmann and Wigner [67] it
is just this peculiarity which allows for the transition to mass zero bosons even if the constituent preons
are very heavy, while this is impossible for de Broglie and Bargmann-Wigner equations. As will be seen
later the transition to mass zero bosons is accomplished by putting

m* =2g* (5.7)
which leads with the definitions of these quantities to the relation
g=0104m)~'(5-2}2) (5.8)

for the original coupling constant and the mass difference between the preon field and its accompanying
ghost field. Thus by a suitable choice of the coupling constant we enforce the appearance of mass zero
vector bosons.

In the following we assume (5.7) to be valid and calculate under this assumption (5.6). The straight-
forward calculation then gives for (5.6)

(@3h) =2 [b(2) [i 2.6, 6(2)|dz + 2. [ b ()i 0, 0f(2) + 2m* i 0F(2)] dz

r

(5.9)

+2. [ bf*(2) [ll—.(—l)’E”"ﬁréf'(Z) dz + 2 [ bP(z) —ll.—(—l)’“e"”araf*(z)]dz‘
tk t!

rl kr
The interaction term (4.12) can be treated in an analogous way. Applying the representation (5.3) and (5.5)
to (4.12) we can reduce it to the expression

() =— 2, 2G* e”""fS‘:;’fb‘:ﬁ’(z){z(«Mﬂ 7)oy Coo O () 074 (2)

a'tr't” un’

(5.10)

+ 2 (0 i k), Co 074(2) 042 + 3 (50 p# (= 1)1 0'),, Cr 051(2) af~(z)} dz
uk ul
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and further evaluation leads to the final expression

) =— 2 2G* a"""f{bﬂf’(z) df(z) dfo(z )+Zb" ) [0 (z) 0 (z) + 8f(2) 87 (2)]

e

+ZbEk( ) 0Ek 0A° )+Z€/k105,( ) (— )I+lalA, z

fo-

If we substitute (b8, 0811 = {(— 1)/*1 bB:, (= 1)'*1 6" into (5.9) and (5.11), the energy equation (5.1) can be
written in the form

po B =i1{E o) [Za,0f@) + T C* """ o) aﬁ»(z)} (5.12)

(5.11)

kj

+ 2 b (2) |07(2) o) + Z /¥ op+(2) 01(2)
1
I

+ L@ [ 02+ 2m* 0P(2) + I, C* ™ (00(2) 0P(2) + 0Pz ) 04(2))|

tj

+ 2 b () [— Y eltkg,oft () + Y, C* " (65*(1) ot (z) + D e’k 0f1(2) ﬁﬁf(Z))]
tk rl 't Jjl

+ 2 0P (X418, 80() + 2, C* 2" (01 @) 0 2) +Zef“6fk( ) 07 (z)}}}d: 2
tl

kr

where

212
crm—Logeo2 22 gy ring o 22

i 55 R

is a real coupling constant. If we furthermore transform the sources {57, 7} by the affinity transformation

m=12(5-21)2) (5.13)

by=C*B7. 07=(C*""4] (5.14)
which leaves the commutation relations invariant, we eventually obtain for (5.12)
PolFy=1il {Z B (2) [Z 6,4 (@) +3, e Af(D) 47:(2)| (5.15)
% ZB/‘r( )[04 (2) +2m* 4P(z) + 2 & (AP (2) 4 (2) + 470(2) 4712 2

+ Z BF (2) [— 20, aF () + 3 & (4P (2) A (2)+ 2 M AP (2) 43(2))|
tk rl e Ji
+ 2B (LM 0, 4P () + X e (471 (@) 4 (a)+ LM 4 z) 47(2)) }d: )2
il rk e kj
For the comparison of (5.15) with the corresponding energy representation of a phenomenological vector
boson gauge theory we define 2m* to be the unity of mass and consider (5.15) in the temporal gauge. The

temporal gauge means that the matrix elements of the field operators which are given by the coefficients of
the state functional expansion (2.2) do not depend on Aj. Thus in the temporal gauge we have

8/(2) | §) = (€% 4f(z) 1§ =0 (5.15)
and in this gauge the energy representation (5.15) yields
Po = if{Z B) 8,47 (2)+ T B 4F@)
tr rj
t2 B [~ 20,4 @) + 3 e M AP (2) 48(3)| (5.16)
rk ri
jl
t2L B (2 6410, 4P ) + T e e AR ) A1 (2)
tl rk 4

kj

}d: 3.
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Equation (5.16) can be decomposed with respect
to two orthogonal subspaces. One subspace is given
by the set of states {(0|47:(z))... 47(z,) 4{°(z),
n=0,1,...,00, g;,% Ay} and the other subspace by
the set of states {(0| 47(z)) ... 49" (z,), n=1, ..., 00,
o:¥ Apj. As for the functional groundstate the
relation (0| = (0| ® 0 holds where (0| is the
groundstate with respect to the temporal degrees
of freedom, while 0| is the complementary
groundstate for all other degrees of freedom, we
have for m =0, 1, etc.

0] 45:(z)) ... 47(zy) [470 ()]
= K047:(z1) ... 47 (2,) ® 0| [4(2)]™ (5.17)

and can thus first project equation (5.16) on the
partial subspace {((0/, (0| 4/(z)}. This leads to
the two separate equations

Y. 6,4/(z) |F)=0 (5.18)
and
(5.19)

po | =i2 [ B (2) 4P(z) dz )
1

+i), [BE(z) [— ,Z &' 9,47 (z)

tk

+3 oM AP (@) a3()|dz |F)
o 2

T

+iY [ BFl(z) {Z ekl d, AF(z)
1l kr

3 M) 94518
/4

kj

The physical meaning of these equations follows
from a retranslation of the functional equation
(5.18), (5.19) into ordinary operator equations.
Observing the relations

(B#(2), 45(2)) <= Aj(2),
(Bf*(2), 4f*(2)) = Ei(2),
(Bf1(2),471(2)) = BI'(2),

the corresponding operator equations read

> 6,A4:=0, (5.20)

G A+ E/ =0, (5.21a)

GoEL— "% a,Bi+ Y &' e/k B A =0, (5.21b)
lr 1

Jl
0o B;+ Z 8"”6, EII(+2 ettt EjklEi: A}”= 0.
; tk” (5.21¢)

If conversely Egs.(5.21a), (5.21b), (5.21c) are
formulated in the functional energy representation
we obtain (5.19), while (5.20) yields (5.18).

An equivalent formulation of (5.21a, b, ¢) is given
by (summation convention)

E! =-d,4', (5.22a)
B el odle b 52
0y E!'= ¢k 0, B} + glik gtt't” Aj/_’ Bl (5.22¢)

and with the definition of the relativistic field
tensor

0 —E{ —E} —E
Ej 0 - Bj B}
=l st 25 B (5.23)

{ —-BY B{ 0
we obtain for (5.22a, b, ¢) the set of equations

F;iv = (a;z A‘I' - 6\A/IA -

3
Y O4FL=0; i=1,2,3.

u=0

A
& A;A Av )AOEO,

(5.242)
(5.24b)

We finally require the vector boson theory to be a
relativistic invariant field theory. This enforces us to
take into account i=0. Then the full set of
equations reads

Fl,=(0,4,— 8,A},— &' A, A)) 4=0» (5.25a)
FF=0 g=0,1,2,% (5.25b)
(0% A) 4=0=0. (5.25¢)

Equations (5.18), (5.19) thus are equivalent to a
non-abelian SU (2) gauge vector boson theory in
temporal and Coulomb gauge. It was shown by
Cheng and Tsai [77] that this combined temporal-
Coulomb gauge is compatible with the general
dynamics and allows for a unique canonical quanti-
zation. We thus have reached our goal to demon-
strate that the effective field theory for composite
vector bosons in a spinorfield model leads to a non-
abelian Yang-Mills field theory.
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The only drawback of this method is the fact that
the Gauss-law 6#F,o =0 follows from the require-
ment of relativistic invariance and not by dynamical
considerations. However, from the simple example
of the interaction-free Bargmann-Wigner equations
one learns that the Maxwellian linear Gauss-law can
also be derived from the field equations if one does
not insist on the use of the energy representation.
Rather, in accordance with our postulate, this
Gauss-law follows from a manifest relativistic
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