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Abstract 
The massive vector bosons Z o, W ± and the scalar Higgs-boson H o assumed in 
weak interaction theory, but also the six quarks required in strong interactions 
are well understood in an alternative quantum field theory of fermions and 
bosons: Z o and W ± as well as all quark-antiquark states (here only the tt  state 
is discussed) are described by bound states with scalar coupling between their 
massless constituents and have a structure similar to leptons. However, the sca-
lar Higgs-boson H o corresponds to a state with vector coupling between the 
elementary constituents. Similar scalar states are expected also in the mass re-
gion of the mesons ω (0.782 GeV) - Υ ( 9.46 GeV). The underlying calculations 
can be run on line using the Web-address https://h2909473.stratoserver.net. 
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1. Introduction and Theoretical Framework 

Quantum field theories of electromagnetic, weak and strong interactions [1] [2]—
combined in the Standard Model of particle physics [3]—have been widely used 
in the analysis of particle physics. Although in this way many high energy physics 
data are described with remarkably accuracy, more than 20 parameters are needed, 
in particular masses of special particles adjusted to experimental data. For weak 
interactions heavy vector bosons Z o and W ±, as well as a scalar Higgs-boson H o 
are assumed, whereas heavy fermions (quarks) are used in the strong interaction 
domain. Since their masses are taken as fit parameters, the intrinsic structure of 
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these particles cannot be revealed. Also, if in a modern view of fundamental sys-
tems one assumes that the universe emerged out of the vacuum, the assumption 
of massive elementary particles would violate mass. Therefore, these particles have 
to be interpreted as bound states of massless particles or in case of the quarks as 
bound state components of quark-antiquark or complex states. 

To determine the structure of these particles a different (more fundamental) 
theoretical framework is needed, in which all parameters can be deduced from 
basic conditions, as energy and momentum conservation. Such a formalism has 
been developed [4] [5], in which massive particles are described as bound states 
of massless elementary fermions and bosons. The underlying Lagrangian has the 
form  

 2

1 1 ,
4

D i D D F F
m

µ ν µν
ν µ µνγ= Ψ Ψ −

�
  (1) 

where m�  is a mass parameter, Ψ a fermion 4-vector charge spinor +Ψ = Ψ  and 
−Ψ = Ψ ; further a 3-dimensional vector boson field Aµ  with a charge coupling 

g between the fermion fields Ψ and Ψ , contained in the covariant derivatives 
D igAµ µ µ= ∂ − . Finally, the second part of Equation (1) is the Maxwell Lagran-
gian, containing Abelian field strength tensors F A Aµν µ ν ν µ= ∂ − ∂ . 

Apart from a boson force term included in Dµ , this Lagrangian has a com-
pletely fermion-boson symmetric form, which leads to a bound state description, 
which can be applied to atoms, hadrons and leptons, but also to gravitational sys-
tems. A first complete evaluation has been published in ref. [4] and a detailed dis-
cussion of leptons and simple hadrons is given in ref. [5]. 

A special property of the present theory is that there are two basis states, one of 
scalar structure (with scalar coupling between the bound state constituents), the 
other of vector structure (with vector coupling between the constituents). The ra-
dial dependence of their wave functions are given for bosons by  

 ( ) ( ){ }exp
os sw r w r b κ= −  (2) 

and  

 ( ) ( ) ( )d
 .

do

s
v v s

w r
w r w w r R

r
β

 
= + 

 
 (3) 

The factors osw  and ovw  are obtained from the normalization  
( )2

,2 d 1s vr r w rπ =∫ , whereas Rβ  is given by  
( ) ( )2 2d d d ds sR r r w r r r w r rβ = −   ∫ ∫ , indicating that both states are orthogo-

nal: ( ) ( )d 0s vr r w r w r =∫ . The fermion wave functions ( ),s v rψ  are of similar 
radial shape ( ) ( ), ,~s v s vr w rψ , normalized by ( )2 2

,4 d 1s vr r rψπ =∫  (the differ-
ent normalization of the boson and fermion wave functions is due to their two 
and three dimensional structure). 

Using these wave functions, in the whole analysis only three or four parameters 
are needed, shape and slope parameters κ  and b and a coupling constant α  
for electric binding, whereas for magnetic binding an addition parameter (v/c) 
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related to a rotation of the system is required. 
These parameters can be determined by the following boundary conditions:  
1) Energy-momentum conservation (combining energy and momentum con-

servation) demands that the average fermion 3-momenta and the average boson 
2-momenta cancel each other, equally the corresponding energies  

 ( ) ( )2 21 2 1 2
~f g f gq q v c E E − +  

 (4) 

where 
1 22

fq  and 
1 22

gq  are the average momenta of fermions and bosons 
and fE  and gE  the corresponding energies obtained from the central poten-
tials (of zeroth and second order in r).  

2) A mass-radius relation  

 ( ) ( )2 2

2 2 2
1,g

g

c v c
Rat

m r N
= =
�

�
 (5) 

where 1N =  for scalar and 2 for vector states. This relation shows that in the pre-
sent formalism particles with different masses and radii can be described. 

Another point, the interaction is attractive for fermions, but repulsive for bos-
ons. Therefore, the total energy tot f gE E E= +  vanishes, if the above conditions 
are fulfilled. This led to the important conclusion [5] that particles can be gener-
ated out of the vacuum.  

Recoil corrections 
Since the momenta of fermions and bosons are different, recoil corrections of 

the form ( ) ( )1 22 1 2 1 2 1 22 2 2 rec f g f grec f q q q q= − +  have been included, with 
sign negative for fermions and positive for bosons. However, these corrections act 
differently on the different binding energy contributions. As discussed in ref. [5], 
for scalar states only the zeroth and second order terms (central and acceleration 
potentials) contribute, the derivative terms (kinetic and confinement potentials) 
do not. For vector states the recoil corrections are expected to be opposite, for 
recoil only derivative potentials should contribute.  

2. Description of the Vector Bosons Z (91.2 GeV) and  
W (80.4 GeV) 

The analysis of these particles is quite similar to that of leptons and mesons of simple 
structure ω (0.782 GeV) - Υ (9.46 GeV) in ref. [5], also with three participating bos-
ons. The uncharged vector boson Z o (91.2 GeV) is described by electric binding, 
whereas the charged vector boson W ± (80.4 GeV) is described by magnetic binding. 
For the latter the parameters b and (v/c) are coupled by Equation (5). Concerning 
the recoil corrections, for Z o the average momenta of fermions and bosons are 115.9 
and 87.0 GeV, respectively, but the (absolute) fermion energies are smaller. There-
fore, a negative recoil factor of −0.0161 has been used. The same recoil factor is also 
needed for W ±. This leads to parameters and resulting radii and energies as given in 
Table 1. One can see that the sum of fermion and boson masses amounts to zero, 
supporting the earlier results that particles are coupled to the vacuum.  
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Table 1. Results on fermion root mean square radii 
1 22

fr  and recoil corrected energies, 

using slope and velocity parameters b and (v/c)2, as well as 1.375κ = , 2.158α = . All di-
mensions are in fm or GeV. 

System b (v/c)2 
1 22

fr  fermE  bosonE  

Z o (91.2 GeV) 5.0914 × 10−3 1 5.796 × 10−3 −91.2 91.2 

W ± (80.4 GeV) 4.550 × 10−5 6.2065 × 10−5 5.179 × 10−5 −80.4 80.4 

H o (126 GeV) 7.330 × 10−3 1 8.344 × 10−3 −126 126 

top ( tt ) at ~360 GeV 1.2898 × 10−3 1 1.468 × 10−3 −360 360 

3. The Scalar Higgs Boson Ho 

To get a fermion-antifermion boson-antiboson system of scalar structure, a vector 
coupling between the participating particles is needed, given by wave functions in 
Equation (3). Further, the number of bosons has to be two. Different from the 
other states the mean fermion momentum is a factor of 


1.65 larger than of bos-

ons, but also the (absolute) fermion energy is larger. This gives rise to a positive 
recoil factor of 0.1122.  

4. Description of the tt  Bound State 

Simple mesons have been interpreted in strong interaction theory (quantum chro-
modynamics) as quark-antiquark states. Because this model contains 6 quarks, 
the mesons ω (0.78 GeV), ϕ (1.02 GeV), J/ψ (3.98 GeV), Υ (9.46 GeV) were inter-
preted as light quark-antiquark, ss , cc  and bb  states, respectively; it rests 
the tt  (top) state, experimentally observed at about 360 GeV. The other states 
have been discussed already in ref. [5]. For the top state we assume a similar struc-
ture as the Zo boson, with the same recoil factor and just a smaller slope parameter 
b. The results are also included in Table 1.  

5. Discussion 

The above results show that all massive Standard Model particles are well under-
stood in the present theory with a total energy of fermions and bosons  

0ferm bosE E+ = , see Table 1. This indicates a coupling to the vacuum [6] (the 
fingerprint of genesis), indispensable in a modern view of the evolution of the 
universe. 

In a similar way all essential features of leptons, including magnetic moments 
and accompanying neutrinos, as well as the properties of hadrons are well under-
stood. In particular, a quantitative description of the structure of nucleons [7] is 
obtained, which explains the high stability of the proton.  

6. Conclusions 

We have seen that the massive bosons and fermions needed in weak and strong 
interaction theories can be well understood in a quantum field theory of fermions 
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and bosons as bound states of elementary particles. They show an intrinsic struc-
ture, which cannot exist in elementary particles. Also the scalar Higgs-particle 
cannot play the role of a special particle—as often speculated, which gives mass to 
quarks and leptons. 

The fact that all essential properties of particles are described without free ad-
justable parameters indicates that the present formalism represents a fundamental 
theory based on first principles, which should finally allow to get reliable infor-
mation on the evolution of the universe. This will be the subject of a forthcoming 
article. 

All calculations can be run on line under the address  
https://h2909473.stratoserver.net, where also the underlying fortran source code 
(in gfortran) can be inspected.  
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