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The non-canonical Heisenberg dipole regularization of 
a nonlinear spinor field is interpreted as a system of lep-
ton quark pairs in the one-particle sector. In the frame-
work of functional quantum theory a method is given to 
derive an independent lepton-quark dynamics with quark 
confinement from the fundamental spinor field. 

Functional quantum theory is a new formulation 
of quantum theory and a new field theoretic calcu-
lational procedure which allows the treatment of 
quantized fields with positive metric as well as 
with indefinite metric beyond perturbation theory. 
It was developed by Stumpf and coworkers, cf. 
Stumpf [1]. In particular, it was devoted to the 
evaluation of Heisenberg's quantized nonlinear 
spinor equation with dipole ghost regularization, 
cf. Heisenberg [2]. The basic idea of this approach 
is to regularize the non-renormalizable nonlinear 
spinor field by a combination of a real physical 
particle, a monopole ghost particle and a dipole 
ghost particle in the one-particle sector of the cor-
responding state space. This leads to an indefinite 
metric in this space. In order to achieve a correct 
physical and probabilistic interpretation of this 
regularization procedure, the ghost particles must 
have the following properties: 

i) To any physical particle state with positive 
norm in the one-particle sector belongs one 
monopole ghost state and one dipole ghost state 
which have to be combined in such a way that 
the propagator of the spinor field contains no 
singular distributions. 

ii) The monopole ghost states must have vanishing 
norm and have to be included in the physical 
state space, while the dipole ghosts have to form 
the unphysical part of the state space. 

The latter condition leads immediately to uni-
tarization. The weakest assumption with respect 
to unitarization is that the dipole ghosts are not 
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allowed to form ingoing or outgoing states in 
scattering processes. Heisenberg [2] demonstrated 
for the Lee model that under this assumption uni-
tarization is possible. To perform this kind of uni-
tarization for the relativistic nonlinear spinor field, 
functional quantum theory is needed. It should be 
noted that under this assumption no local physical 
and probabilistic interpretation of the quantized 
spinor field is possible. Rather this interpretation 
is confined to the asymptotics, i.e. to the ^-matrix. 
Furthermore, it is tacitly assumed that the many-
particle sectors of the state space which contain 
besides scattering states also bound states, do not 
show any irregular behavior, i.e. that from these 
sectors only the free many-particle dipole ghost 
states have to be excluded while all other states 
must be physical ones. This, of course, has to be 
proven by direct construction as for bound states 
no general statements can be made. For this con-
struction functional quantum theory is needed. 

With respect to the identification of the physical 
particles resulting from the quantized spinor field, 
the physical particles of the one-particle state 
sector should be identified with the pointlike par-
ticles occurring in nature, while all other particles 
are considered to be bound states of the spinor 
field. In the original version of Heisenberg [2] the 
physical one-particle states were assumed to re-
present nucleons, i.e . the theorj^ was based on the 
idea that the hadrons are the fundamental point-
like particles, wThile, without detailed discussion, 
the leptons were sometimes identified with the 
dipole ghosts, cf. Heisenberg [2], Dürr [3]. The 
recent developments of elementary particle physics, 
however, indicate that just the opposite role of 
leptons and hadrons might be successful for an 
explanation of the elementary particle spectrum, 
i.e. that the leptons should be identified with the 
fundamental particle states of the one-particle sector 
with positive norm, while quasi-hadrons should be 
considered as ghost particle states with indefinite 
metric. 

The present experimental identification rests on 
the following scheme of leptons and quarks, Harari 
[4], Zichichi [5] 

and corresponding right-handed singlets, 
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In order to associate the one-particle sector of 
the nonlinear spinor theory to this scheme, one has 
to observe that 

a) the regularization of the propagator can also 
be achieved if several couples of monopole-dipole 
ghost particles are associated to one real physical 
particle, (color) 

ß) integer charges can be assigned to the quarks, 
if these particles were not related to SU(3), 
cf. Abers and Lee [6]. 

Due to a) and ß) it is then reasonable to associate 
one physical particle state in the one-particle sector 
of the nonlinear spinor theory to any lepton state 
and to identify the one or several corresponding 
dipole ghosts with the corresponding quarks. In 
the framework of the nonlinear spinor theory the 
quarks are not assumed to belong to an SU(3) 
representation, rather their transformation proper-
ties should be governed by the electro-weak inter-
actions, while the approximate SU(3) symmetry 
of the hadron spectrum should result from dynam-
ical bound state formation alone, i.e. from three-
quark systems. The masses and transformation 
properties of the monopole ghosts are fixed, as for 
a successful regularization these quantities are defi-
nitely referred to the dipole ghost states. A physical 
interpretation of the monopole ghosts is not neces-
sary as they have a vanishing norm in the physical 
sector. 

The choice of the quarks as dipole ghosts im-
mediately solves the problem of confinement, as 
due to ii) no ingoing or outgoing quarks may occur. 
It is assumed that the combination of quarks, 
leptons and corresponding bosons in a common 
coupling gauge field theory should suffice to ex-
plain the elementary particle spectrum and reac-
tions (excluding gravity) from a unified point of 
view. In contrast to this assumption, nonlinear 
spinor theory is guided by the idea that in a first 
step the pointlike particles should be calculated 
in a selfconsistent manner, while in a second step 
the masses of the bosons and the coupling constants 
have to be derived. In the third and last step the 
formation of arbitrary complicated clusters of these 
"elementary" fermions and bosons and their mutual 
interactions ar3 then considered. 

The idea of the reversed role of hadrons and 
leptons was first proposed by Sailer [7] who treated 
a lepton model of the nonlinear spinor field. How-

ever, Sailer gave no qualitative or quantitative hint 
with respect to quark dynamics, quark confine-
ment, etc., but only mentioned a possible identi-
fication of dipole ghosts and quarks. This lepton 
model was not pursued further. Rather Dürr [3] 
and Sailer [8] tried to convert the nonlinear spinor 
field into a renormalizable selfinteracting gauge 
field, from which the indefinite metric can be 
gauged away or eliminated by subsidiary condi-
tions. Later on, the quark idea was completely 
doubted, Dürr and Sailer [9]. 

Hence, if we want to establish a lepton-hadron 
model of the nonlinear spinor field, a quantitative 
formulation of the corresponding dynamics is 
needed. In this preliminary paper for simplicity 
we only consider a lepton-hadron system which 
consists of the electron e~ and the corresponding d 
quark. In this case, the original version of the non-
linear spinor field theory can directly be used for 
the formulation of a lepton-quark dynamics. Ac-
cording to Heisenberg [2] the regularization of the 
spinor field can be completely achieved by employ-
ing a regularized spinor field propagator. If the 
spinor field is denoted by ip{x), the simplest ex-
pression for the corresponding regularized prop-
agator reads, cf. Stumpf [1] 

F(x-x') : = <0| Trp[x)y{x')\V> 

[ P + f*)2 V + ™>) 
J (P2 ~ I"2)2 (P2 ~ m2) 

.ei p(x-z')d4p (1) 

It can be shown, cf. Stumpf [1], that F just con-
tains one physical particle, one monopole ghost 
and one dipole ghost. The quantum states, eigen-
values and other global physical observables can be 
derived from the state functionals 

oo 

I 2 (j, a ) > : = 2 J < ° I T • • • ¥{*») I a) 
«=i 
• |D(^i . . .a : w )>d 4 ^i . . .d 4 ^ (2) 

resp. 

| a)> : = [exp - ^j(x)P(x - x') 
• j ( x ' ) d % d V ] | % ( ; » > (3) 

where XF(x) is the corresponding Hermitean spinor 
to ip(x). and P the corresponding Hermitean pro-
pagator. 

The calculation of these functionals and other 
operations can be performed by means of the func-
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tional quantum theory. In particular, effective 
equations for the quantities 

cp(x1...xn\a) := (D(xi... xn) j %{j,a)> (4) 

are provided by this formalism. For the one-particle 
sector we have cp (x | a) = <01 ^(x) | a) and this 
matrix element must satisfy a corresponding equa-
tion 

Kcp(x\a) = 0 (5) 

where K is the selfenergy operator of the one-
particle sector. Decomposing the Hermitean spinor 
operator W(x) into ip(x) and y>(x) the corresponding 
matrix elements <01 ip (x) | a) and <01 ip (x) | a) must 
satisfy eigenvalue equations 

K1(0\y(x)\a> = 0; <0\y(x) \ a} Kx = 0 (6) 

which can be derived from (5). By a spectral decom-
position of F(x-x'), the propagator can be directly 
related to the matrix elements <01 ip (x) | a) for the 
various one-particle states |a), i.e. the properties 
of F determine the properties of the matrix ele-
ments (0\ip(x)\a,y and vice versa. If F(x-x') is 
given by (1) it can be shown, cf. Stumpf [1], that 
all <01 rp (x) | a) must satisfy the equation 

Ki(0\ip(x) | a) = (— iyt1 dß -j- ra) 

•<0|v(s)|a> = 0 . (7) 

Provided that this selfconsistency condition is 
satisfied by the spinor field, from this equation it 
follows that the field operator in the one-particle 
sector describes a mixture of a real particle and 
ghost particles. Hence if we identify the real particle 
with a lepton and the dipole ghost with a quark, 
the effective equations for the matrix elements 

<pOn...zn|a) = <0| •.W(x1)...W{xn):\a> 

cannot properly describe a lepton-hadron dynamics 
as they are referred to the dynamics of an "un-
observable" mixture of both kinds of particles. 
Hence a proper lepton-hadron dynamics can only 
be established if we succeed to separate these both 
constituent parts of the fundamental field. 

In order to do this, we observe that a general 
solution of Eq. (7) can be written in the following 
form 

<01 %p (x) | a) = J Fq (x - x') I [x') d V 
+ (8) 

where the quantities Fq, q, F\, I satisfy the equa-
tions 

(-iyfdn + mjFiix-x') = 0{x - x'); 
(-iy»dß + m)l(x)=0, 

( - iy'd, + ju)
2

Fq(x - x ' ) = d ( x - x'); 
( - i y v d v + ii)Zq(x)--=0, (9) 

i.e. l(x) =<0| l(x)\a) describes a physical particle 
of mass m, the lepton, while q {x) = <01 q (x) \ a} 
describes a mixture of a monopole and a dipole 
ghost and can be identified with the quark. If we 
consider the corresponding linear theory, then for 
| a) = lepton state, the matrix element <0|<7(:c)|a> 
vanishes, i.e. we have 

<01 y> [x) | lepton) 
= jFq(x-x')(0\l{x') |lepton) (10) 

while for | a) = quark state, the matrix element 
<0| l{x) | a) vanishes, i.e. we have 

<0| xp(x) | quark) 
= SFi(x-x')(0\q(x')\qw&rky. (11) 

Similar formulae hold for many-particle quark and 
lepton states of the linear theory. 

It is reasonable to transfer these relations by 
definition to the nonlinear theory in order to distin-
guish lepton and quark matrix elements. In this 
case, for a mixed state of n leptons and m quarks, 
we put with q = n -j- m 

cp(x 1. . .Xg | a)= fpqix 1 — Zi) . . . Jpq(Xn — 2„) 
• Pi (xn+i —yi) ...Pi {Xg — ym) 

• &n > yi • • • ym) 

'&*z1...d*znd*y1...d*ym (12) 

where fi is the corresponding Hermitean propagator 
to F. By means of this formula the effective equa-
tions for the unobservable ^-amplitudes can be 
rewritten into equations for the amplitudes of the 
observable lepton field and the confined quark 
fields. As the kernels of the effective equations are 
calculated by the unobservable but regularized ip-
field, no divergencies occur and this property will 
also be shared by the new equations for the lepton-
hadron systems. 

In a preliminary test calculation one can do with-
out the selfconsistent calculation of the one-particle 
sector, i.e. one can assume the pointlike fermion 
particles (and ghosts) to be known. Then only the 
bosons and the higher aggregates and their reac-
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tions have to be calculated. Performing this pro-
gram the boson functionals have to start with 
l ® q , 1 0 1 or q ® q representations, while, for 
instance, the observable hadron functionals must 
start with a q ® q ® q representation. In functional 
quantum theory of the nonlinear spinor field, boson 
state functionals have been studied in the old 
version since a long time. These calculations can 
be easily transferred into the new version. Concern-
ing hadron functional states, corresponding func-
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