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Abstract 
The masses of the fundamental fermions are fit using properties of the mini-
mal Higgs sector of the standard model and also using insights from an anom-
aly-free quantum field theory (QFT) with permutational symmetry. With this 
approach, three generations for each family of fermions arise due to the quar-
tic potential of the Higgs fields and the details of their coupling to ghosts and 
gauge functions. A similar procedure allows calculation of the mass parame-
ters including the hop amplitudes of the mass matrices of the QFT with per-
mutational symmetry. With both approaches there are two free parameters 
per family to fit the masses. The latter QFT and the Higgs-based approach lead 
to related physical interpretations. This paper further reinforces the notion 
that fundamental fermions are composite particles, comprising “preons” 
within the minimal Higgs sector.  
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1. Introduction 

The minimal Higgs sector has been a fixture of the standard model for roughly 50 
years [1]-[4]. A recent nonperturbative study of the Higgs sector indicates that 
there are persistent, purely oscillatory solutions that have properties that can be 
related to the observed fundamental fermions [5]. Such solutions involve 
Faddeev-Popov ghosts and gauge functions that oscillate in rings [2] [3], utilizing 
the ghost Lagrangian density of [2]. Assuming that there are three potential wells 
in a ring as in [6], the results indicate that there should be four and only four 
families of fundamental fermions due to the anticommuting nature of the ghost 
particles as well as their electrical charge properties. The equations derived for the 
ghosts and Higgs fields of [5] are here used to fit the masses of each of the three 
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generations of masses precisely for each of the 4 families (sample neutrino masses 
are used for that family). The form of the solutions requires no additional assump-
tions outside of the minimal Higgs sector with a family-dependent modification 
to the Higgs potential. The Higgs sector provides oscillatory solutions for ghosts 
and gauge functions that propagate in loops. The latter is often noted in the liter-
ature [2] [3]. The results of this paper match with those of [6]. This enables a 
straightforward, orderly interpretation of the results herein. It should be noted 
that [5] and [6] have already provided a means for computing the sum of the 
masses in each family (except possibly the neutrino family) from the parameters 
of the Higgs sector, so computation of this sum is not addressed here. 

The formulae here will precisely fit the most recent estimates of the masses [7], 
as well as older textbook values [8], and support limited running of the masses. 
The approach and results of this paper reinforce the notion of preons [9]-[13] 
using nonperturbative techniques drawn from nonlinear optics [14] [15]. 

Section 2 describes the computational approach. Section 3 presents the results. 
Section 4 discusses the results in relation to other approaches. Section 5 provides 
a summary along with implications. 

2. Computational Approach 

The overall approach is to write down a polynomial eigenvalue equation for 
3M =  masses in each family, and then to derive an equation involving Fourier 

coefficients of identical form from the nonlinear Higgs equations. Matching coef-
ficients then provide the needed result. The eigenvalue equation for a mass matrix 
M  of order M  is 

 ( ) ( )1det 0M
ii mλ λ

=
− = − =∏I M , (1) 

where λ  is the eigenvalue and im  are the masses. A dimensionless version of 
this equation for 3M =  is 

 3 2   Λ 0Kλ λ λ− ′′ ′ + − = , (2) 

where 

 1
3

ii mλ λ
=

′ = ∑ , (3a) 

 ( ) ( )2

1 2 2 3 3
3

1 1 iiK m m m m m m m
=

= + + ∑ , and (3b) 

 ( )3

1 2 3 1
3Λ iim m m m
=

= ∑ . (3c) 

For the mass matrices of ([6], Ch. 2), the left-hand side of Equation (1) can be 
written in dimensionless form as 

 
( ) ( )

( ) ( )

3

1

3 2 2 2

3

3

det

1 3 1 3 2 cos 3 27,

ii m

d d d

λ

λ λ λ φ

=
−

   ′ ′= − + − −′ − +  

∑I M
  (4) 

where eid φ  is the dimensionless complex hop amplitude of [6]. 
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From the Lagrangian densities of the Appendix, including the ghost Lagrangian 
of [2], one can obtain an equation for neutral Higgs fields. Assume a solution for 
a linear combination 4 3H iH−  of the neutral Higgs fields H of the form 

 ( ) ( )4 3 34,0 34cos HH iH H t ϑ+ ⋅− = +p x  .  (5) 

One finds the same results as below if the cosine is replaced by complex exponen-
tial. From Equation (5), one obtains the following equation for the temporal de-
pendence, when the electroweak bosons W and Z are not present: 

( ) ( ) ( )

( ) ( ) ( )

222 1 22 2 2
34,0 34 34 34 34

20.5 cos cos .

t H f

Z W Z Z W

H c H H c H

c gM

µ λ σ µ λ

ξ θ η ω η ω θ

+ + + +

− +

   ∂ = − + − − −    

 + − + 

p 



  (6) 

Note the dimensionless gauge factor, ξ . Here, this factor is a positive real 
number which is nominally set to 1. All the variables in this equation that are not 
defined here are defined in the Appendix. The equation for 34H −  is very similar; 
the only difference is that superscript pluses and minuses are exchanged. The var-
ious terms in Equation (6) are assumed to be matched in 3-momentum, with par-
ticles that are co-propagating or counter-propagating in a ring geometry. Next, 
Equation (6) is re-written in dimensionless form by dividing by the vacuum ex-
pectation value of the Higgs, ( )1 2µ λ , and also separating out variations hδ  
about the expectation value: 

 ( )1 2
34,0 oH h hµ λ δ+ = − .  (7) 

The resulting equation can be separated into an equation for the zeroth-order 
term oh  and an exact expression for the higher-order terms: 

 ( )22
34t o H oh c h∂ = − p   and  (8a) 

( ) ( ) [ ]

( ) ( )

22 22 2
34 0

22 2 2

2

cos .

t H H o o

Z W Z Z f

h c h M c hh h h h h h

M c c h

δ δ δ δ δ δ

ξ θ η ω η ω σ δ

∗ ∗

− +

  ∂ = − + + − −  

 ′ ′ ′ ′

 

+ − + − 

p  



  (8b) 

The coefficients of the latter terms have been simplified using  
( )cos W W ZM Mθ =  and ( )1 2 22 Wg M cµ λ = , as well as using ( )1 2η η µ λ′ =  

and ( )1 2ω ω µ λ′ = . 
Equation (8a) can be solved trivially, with solution 

 ( )34expo oo Hh h i ct iϑ= ± +p  .  (9) 

Here ooh  is a constant which is equal to 1 based on the definition of oh  in 
the case of interest in which ( )1 2

34,0H µ λ+ ≈ . The global phase ϑ  is set to zero 
and the positive frequency is used in the following. Equation (9) will be substituted 
into Equation (8b) shortly. Note that Equation (8b) is a cubic equation in hδ . 
Writing this equation in the same form as Equation (2), one finds that 

( ) ( ){ }
( ) ( )

222 2 2 2 2 2
34

2

0

2 2

2 1 2

2 cos 0.

o f H t H

Zo H W Z Z

h h h h h c c M c h

h M M

h

h

δ δ δ δ σ δ

δ ξ θ η ω η ω

∗

∗ − +

  − − + − + + ∂      

 ′ ′ ′ ′+ + − + = 

p  

(10) 
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Here hδ  is a function, but we wish to obtain an equation of the form of Equa-
tion (2) involving a cubic of just numbers and not functions. This motivates writ-
ing hδ  as a Fourier series in time. The Fourier series should have at least three 
terms because the cubic term in hδ  will have three times higher frequencies 
than the lowest frequency in hδ . Hence, a trial form for hδ  is 

 Ω 2 Ω 3 Ω
1 2 3  e e e negative frequenciesi t i t i th A A Aδ + += + ,  (11) 

where the coefficients iA  and the base frequency Ω are to be determined. One 
can tentatively set the base frequency to 34H cα p   with 1α ≈  based on how 
the zeroth-order solution oh  appears in Equation (10), and that there should be 
a requirement for frequency matching between the different terms. That this base 
frequency Ω should not be zero follows from the Bohr-like condition of [5]. It 
should also be noted that the use of negative frequencies gives the same result as 
the following. 

Frequency matching between the various terms implies that the products 
η ω− +′ ′  and Z Zη ω′ ′  also have the same frequency content. It was shown that these 
two sets of terms can be mutually exclusive in [5], depending on whether the fer-
mion family is charged or not charged. For the uncharged case, it was shown that 

Zη  and Zω  are both present. Focusing on the un-charged case ( 0η ω− +′ ′ = ) for 
the moment, one may write 

 Ω 2 Ω 3 Ω
1 2 3  e e c.c.ei t i t i t

Z Z B B Bη ω′ + +′ = + .  (12) 

Here again, the Fourier coefficients iB  are to be determined. Note that the 
product Z Zη ω′ ′  of pure real variables has both the sum and difference frequencies 
of the two individual frequencies. Because the difference frequency should be non-
zero in order to avoid long-term, non-oscillatory changes in the Higgs fields, the 
frequencies of Zη  and Zω  must therefore be distinct, so one option is to set one 
frequency to Ω and the other to 2Ω, so that the sum and difference frequencies 
are ±Ω and ±3Ω. With this choice, one may set 2B  and 2A  to zero. Next, sub-
stituting Equations (9)-(12) into Equation (10), one then obtains the following 
equations for the temporal Fourier components, nΩ, for n = 1, 3, 5, 7, and 9, re-
spectively: 

 
( ) ( ){ }

( ) ( )( )

222 2 2 2 2
34 1

222 * 2 *
1 1 1 1 3 1 3 1

1

2 2 3 2

2

0

f H H

Z H

c c M c A

M M B A A A A A A A

σ

ξ

− + − Ω

+ + − − + +

  
      

− =

p 

  (13a) 

 
( ){ } ( )

( ) ( )

23 2 2 2 2 2 2 2
1 1 34 3

222 2

1

*
3 1 1 3 1 3 1 3 3

1 ) 9 2

2 2 4 3 0

f H H

Z H

A A A c c M c A

M M B A A A A A A A A

σ

ξ

∗
−

  − + + − + − Ω    

+ − − − + + =

p 

 (13b) 

 2
1 3 1 3

2
3 33 4 0AA A A A A∗

−− + ≈−   (13c) 

 2 2
1 3 33 2 0A A A− ≈ , and  (13d) 

 3
3 0A ≈ .  (13e) 

Note that no frequencies appear with even multiples of Ω, because Equation 
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(10) always contains products of an odd number of functions of the form 
( )exp inΩ , and n  is always odd, when 2 0A = . The sum of an odd number of 

odd integers is always odd, so all frequencies are odd. Also, Equations (13c) to 
(13e) should be viewed as approximate because there may be higher-frequency 
terms in the Fourier series of Equation (11). Further, note that 3A  is a common 
factor in all terms in all of Equations (13c) to (13e), which indicates that 3 0A ≈  
is a feature of any solution. Equation (13a) is used to determine 1B  after the iA  
are determined. 

Equation (13b) is of particular interest because it has the desired form of a cubic 
polynomial in dimensionless 1A : 

 
( )( ) ( ){ }

( ) ( )

223 2 2 2 2 2
1 1 1 34 3

222 2 *
3 1 1 3 1 3 1 3 3

1 2 9 1

2 .2 4 3

f H H

Z H

A A A c c M c A

M M B A A A A A A A A

σ α

ξ

∗
−− + + − − −

+ − − − + +

 
  

p

  (14) 

The first two terms automatically match the form of Equation (2). The 3B  
term can be associated with Λ  in Equation (2). The terms after 3B  will be ad-
dressed shortly. The third and fourth terms in the first line can be associated with 
the Kλ′  term in Equation (2). If so, one should have either 3 1A Aβ= , if 1A  is 
much less than 1, or 3 0A ≈  if 1A is comparable to 1, in order to satisfy Equa-
tions (13c) to (13e). Hence one may write ( )3 1 1A f A A≡ , where ( )1f A  is ap-
proximately constant for small 1A  and tends to 0 as 1A  tends to 1. Unfortu-
nately, this approach does not determine ( )1f A  in more detail than that out-
lined above. A trial form for 3A  is 

 ( )3 1 11A A Aβ≡ −   (15) 

The results of this effort should be insensitive to this particular choice for the 
form of 3A . Given this form for 3A , one may address the remaining terms at the 
end of Equation (14). One can choose β  so that the coefficients of 3

1A  and 2
1A  

are equal and opposite to maintain the form of Equation (2). Assuming 1A  is 
nearly pure real and significantly less than 1, one may rewrite the cubic and quad-
ratic terms of Equation (14): 

 
( )

( ) ( )

222 * 3
1 1 3 1 3 1 1 3 3

2 2 3
1 1

2 2 4 3

2 6 1 1 .3

A A A A A A A A A

A Aβ β β

− − − + + +

 = − + + + + 

  (16) 

Setting 2 6β+  equal to ( )21 3 1 β β + +   gives a cubic equation in β  
which can be solved to give 

 ( )2
0 0 0 01.137, 2 6 1 3 1 8.82.β β β β β= = + = + + =   (17) 

Hence, the result of this paragraph is that Equation (14) may be written: 

( ) ( )( ) ( ){ }
( )

223 2 2 2 2 2
1 1 1 1 34 1

2
3

8.82 8.82 1 2 9 1

2 0.

f H H

Z H

A A A f A c c M c A

M M B

σ α

ξ

−  
 + +
 

− − −

+ =

p

(18) 
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One finds that Equation (18) also has a form that is similar to Equation (2)—it 
is a cubic polynomial in dimensionless parameters, with two coefficients as free 
parameters. The above then provides a solution procedure in which Equations (2) 
and (14) to (18) are all satisfied exactly with the known masses as roots, as re-
quired. First divide Equation (18) by 8.82. Then the procedure is: 1) first pick a 
value of 1A  which corresponds to a desired root; 2) use Equation (15) to find a 
value of 3A  given 1A ; 3) insert that value of 3A  into Equation (18); and 4) find  

the unique values of ( ) ( ){ }22 2 2
1 341 9 1f Hf A c cσ α− − − p  and 3Bξ  that result  

in a match to Equation (2). The parameter α  is set to 1 for this process, as might 
be expected. Since the last step does not uniquely specify fσ  and 2

34H cp , the 
latter is tentatively set to the value of 2 30im c , where im  is the mass of fermion 
i. This then uniquely determines fσ . The factor of 1/30 is arbitrary and is chosen 
solely to ensure that the kinetic energy of all the constituents is a fraction of the 
fermion’s total rest energy. 

One other complication arises in using this approach, which occurs when 1A  
is approximately one, which occurs for the largest mass in the family for at least 
three of the four families. In this case, Equation (15) gives 3 0A ≈ , by construc-
tion. One can still obtain a root to Equation (18) for 1 1A ≈ , but the Higgs mo-
mentum is not determinable from Equation (18) because ( )1 0f A ≈ . To obtain 
zero for the eigenvalue equation, one must then have 

 ( )2
32 1Z HM M Bξ ≈ .  (19) 

More precise values for this case are given in the next section. 
A similar approach above applies when 0η ω− +′ ′ ≠  and 0Z Zη ω′ ′ = , i.e., when 

the states are charged. There are some important differences in this case. In par-
ticular, Equation (A5a) shows that the nominal oscillation frequency of ω +′  is 

 ( )1 222 4 2
12Ω 2 WM c cω ωξ= ± + p  ,  (20) 

Here WM  is the mass of the W boson. A similar expression applies for the 
oscillation frequency of η ±′ . When 12 WM cωp  , the nominal Higgs fre-
quency, which is the difference frequency in η ω− +′ ′  is approximately 

 ( ) ( )22 1 2
34 12 12Ω 2 2H Wc Mω η ξ = ≈ ± −  p p p  .  (21) 

The leading sign on the right hand side is chosen so that Ω  is positive, in 
accord with the conventions above. The corresponding sum frequency is quite 
large, about ( )1 2 22 2 WM cξ  , so the arguments surrounding Equation (12) need 
to be modified. In this case, the 34Hδ ω±  term in Equation (A5a) parametrically 
generates other frequencies that are multiples of 34H cp  . With this insight, the 
generic result associated with Equations (11) to (18) still apply. Two other differ-
ences are that the sign is reversed for the η ω− +′ ′  term compared to the Z Zη ω  
term and there is a ( )2cos Wθ  factor. 

The issue of opposite charges in the product η ω− +′ ′  in Equation (8b) is ad-
dressed by realizing that only the imaginary parts of this term are purely oscilla-
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tory, so one may set the real parts to zero for this steady-state analysis. This results 
in a pure real product and also decouples the charged states from the uncharged 
states as shown in [5]. This also seems to cause a loss of charge identity, which 
might be addressed by conservation of charge. However, this issue is not further 
considered here. The key result of this section is that Equations (15) and (18) can 
be used to precisely fit the measured, published three masses in three of the four 
fermion families, and to fit example masses for the neutrino families. One should 
note that this approach also allows some flexibility in this fit, so that it can accom-
modate a limited running of the masses as well. 

3. Results 

Table 1 shows masses for all the known fundamental fermions. These masses are 
from the 2024 Particle Data Group publication [7], except for the neutrino family, 
for which example masses of 0.05, 0.01, and 0.0505 eV/c2 are assumed for the three 
known generations of neutrinos. These neutrino masses satisfy the recent meas-
ured differences of the square of neutrino masses, as described in [5] assuming 
the normal hierarchy. The u-, d-, and s-quark masses are the MS  (minimal sub-
traction) masses at the energy scale 2 GeV. The c- and b-quark masses are the 
MS  masses renormalized at the MS  mass. The t-quark mass is extracted from 
event kinematics. Also, to recover the individual masses using this approach, the 
sum of the three masses within a family must be known, as seen from Equations 
(2) and (3). The sums of the masses of each family are known experimentally but 
can also be computed without their prior knowledge using the approach outlined 
in [5]. This can be done for the electron, up-quark, and down-quark families but 
not accurately for the neutrino family, based on the assumed and now measured 
input parameters of the Higgs sector. 

Two columns of Table 1 show the hop magnitude d  and the hop phase φ . 
These are computed from Equations (2) to (4): 

 ( )1 21 3d K= − ,  (22) 

 ( ) ( ) ( )2 31 3 acos 27Λ 1 3 2d dφ  = − +  .  (23) 

A column shows the dimensionless parameter 1K , the normalized Higgs mo-
mentum. This quantity is defined as follows: 

 ( )( ) ( )222 2 2 2
1 349 1f H Hc cK M cσ α 

  
≡ − − p .  (24) 

This is a family property, as desired, since it is related to the family parameter 
K  by 

 ( )0 11 1 2 8.82K Kβ+ − =   .  (25) 

when 1A  is much less than 1 (as it is for all but the highest masses in each family). 
The results in Table 1 show that 3Bξ  is the same for the lowest two masses in 

each family and so can be viewed as a family property. It has a positive value except 
for the neutrino family, which 
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Table 1. Fit parameters for the 12 fundamental fermions of the standard model. Neutrino masses are example masses as described 
in text. K , Λ , d , φ , 1K , and 3Bξ  are dimensionless. “Indet” denotes indeterminate, as discussed in text in Section 2. 

Family or Particle 
Particle Mass m 

(GeV/c2) K  Λ  d  φ  1K  3Bξ  

up family  0.0073 9.028 × 10−8 0.9890 0.006400   

up quark 2.16 × 10−3     0.9115 7.504 × 10−7 

charm quark 1.273     0.9146 7.504 × 10−7 

Top quark 172.6     Indet 0.8753 

down family  0.0224 2.343 × 10−5 0.9658 0.018600   

down quark 4.70 × 10−3     0.8531 1.947 × 10−4 

strange quark 9.35 × 10−2     0.8606 1.947 × 10−4 

bottom quark 4.183     Indet 0.7387 

electron family  0.0532 1.437 × 10−5 0.9167 0.052776   

electron 5.110 × 10−4     0.7334 1.194 × 10−4 

muon 1.0566 × 10−1     0.7472 1.194 × 10−4 

tau 1.776.93     Indet 0.4719 

neutrino family  0.1882 8.985 × 10−3 0.6598 0.100362   

electron neutrino 0.50 × 10−11     0.1857 −0.075 

muon neutrino 1.00 × 10−11     0.1574 −0.075 

Tau neutrino 5.05 × 10−11     Indet 0.4049 

 
indicates that the ghost and gauge functions are out of phase for the neutrino fam-
ily. For the highest mass in each family, 3Bξ  is roughly equal to 1 based on Equa-
tion (19) and the related discussion. The column for 1K  shows that the normal-
ized Higgs momentum is roughly constant for each family for the two lowest 
masses and changes mildly between families. This is perhaps expected. Also, this 
normalized momentum is not defined for the highest mass in each family, based 
on the discussion preceding Equation (19), since ( )1 0f A ≈ . 

Another aspect of this approach is that 3Bξ  is not formally determined be-
cause ξ  is a free parameter. However, with any specific choice of free parame-
ters, there is a unique solution for the more physical parameter 3B . These results 
can provide a physical picture for the various masses. For the highest mass in each 
family (except possibly the neutrino family), the ghost and gauge fields are mar-
ginally bound in the quartic potential of the Higgs and have indefinite momen-
tum. In this case all the energy resides in the Higgs, ghost and gauge fields. For 
the lower two masses in each family, there is a definite momentum and energy 
corresponding to oscillatory states, and in this case the energy and mass resides 
both in Higgs kinetic energy as well as in the ghost and gauge fields. This discus-
sion of the distribution of momentum and energy between Higgs, ghosts, and 
gauge fields may seem superficial, but such explanations are common and much 
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more concrete in nonlinear optics [14] [15]. Analogous papers in nonlinear optics 
also provide a more rigorous quantum-mechanical formulation in that context. 

Next consider the dimensionless “hop” parameters of Table 1, d  and φ . 
These parameters show orderly trends as one progresses down the table, and these 
trends are more readily interpretable. For example, when the hop amplitude is 
zero, there is no hop at all. On the other hand, when this dimensionless parameter 
is nearly 1, the constituent particles are hopping constantly, indicating a higher 
momentum and energy which should correspond to higher-mass states, which is 
the case for the up-quark family in particular, and also for the down and electron 
families to a lesser degree. 

4. Discussion 

There have been many approaches used to explain the masses of the fundamental 
fermions over the years. In recent decades, the masses of the neutrinos have been 
included in some of these approaches. A sample of the more recent approaches 
are given here. In [16], one-family extended technicolor (ETC) models are used 
to predict quark masses. In [17], charged-fermion masses are obtained from an 
added Abelian family-dependent symmetry and infra-red stable fixed points of 
renormalization group equations. In [18], fermion masses, including neutrinos, 
are predicted using Dirac see-saw mechanisms implemented by the introduction 
a new set of SU(2)L weak singlet vector-like fermions. Reference [19] models fer-
mion masses as analogues of Weyl curvature states. The spin-1/2 nature of the 
masses are attributed to curvature that emerges as a necessary condition for the 
relevant supergravity grand-unified theory realizations. In another approach, fer-
mion masses are obtained from a holographic analysis using the holographic re-
lation between the mass of the observable universe and the event horizon radius 
[20]. Fermions are spheres with a mass of 0.187 g/cm2 multiplied by their surface 
area in [20]. Reference [6] obtains fits to the fermion masses using a permutation-
ally-symmetric mass matrix for each family. 

In particular, reference [6] is conceptually quite similar to the approach shown 
here. As discussed in [5], both use a similar physical construct, involving three 
potential wells in a ring geometry. Both constructs imply that some wave or par-
ticle should circulate in that ring. For both constructs, permutational symmetry is 
a natural fit because permutational symmetry is obeyed for particles in three iden-
tical potential wells in a ring. Both involve a polynomial equation for the 3 masses 
in a family. Both imply that the Higgs fields should be interpreted as a bond, as 
discussed in ([6], Ch. 11) and ([5], Sections 3 and 6). However, there is one key 
difference, which is that the bonds of [6] depend on the types of preons in the 
fermion. This is in turn linked to fermion masses by the family “mass parameter”, 
which is the average of the measured masses of the family. The approach here also 
gives the proper coupling constant of the fermions to the Higgs, which is propor-
tional to the particle mass, as evidenced by [21], for example. This can be seen 
from the definition of hδ  and 1A , which leads to a coupling constant ig  for 
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fermion i that is equal to 

 ( ) ( ) ( )1 32 1 22 2
1,1 i i j ijg m c m c Aµ λ µ λ

=
= = ∑ ,  (26) 

where im  is the mass of fermion i. Hence this approach offers the same mass 
coupling constant for fermions as does the standard model. 

One might ask if there are any concrete experimental tests that could test or 
distinguish this preon-based model from the existing standard model. Given that 
the closely related theory of [6] makes a number of such predictions that can be 
tested, it might be best to list some of them. These include predictions of a few 
dozen exotic quark states with energies in the vicinity of 4 to 7 GeV. There is al-
ready evidence for at least some of these, as detailed in ([6], Ch. 9). There are also 
predictions of 5 new boson resonances with energies ranging from about 7 GeV 
to 116 GeV. There is already some published evidence for at least three of these, 
as discussed in ([6], Ch. 11). These predictions reflect the most significant known 
differences for this specific preon model and could be tested in greater detail. Fi-
nally, these extensions of the standard model do yield masses for the neutrino 
family in a unifying framework. 

5. Summary and Implications 

This paper further reinforces the notion that the Faddeev-Popov ghost fields η±  
and Zη  of the standard model can be viewed as the “preon” constituents of the 
fundamental fermions. Based on Equation (8b), the local gauge functions ω±  
and Zω  can be viewed as the mediators between these preons and the Higgs field, 
and this coupling can be responsible for mass. The concept of preons has long 
been known [9-13] but has been shunned in many circles of particle physics. This 
paper shows that the ghosts along with the corresponding gauge functions of the 
electroweak sector can provide precise matches to the published masses of the 
known fundamental fermions. This is done in the context of the minimal Higgs 
sector, with simple, family-dependent modifications to the Higgs potential. There 
are three and only three generations of fermions within each family with this ap-
proach, due to the quartic potential of the Higgs field and the structure of the 
ghost Lagrangian. There are four and only four families of fermions with this ap-
proach due to the anticommuting nature of the ghost fields, which will only allow 
at most 3 ghost particles in the 3 potential wells in a ring that are necessitated by 
this approach. There are two free, dimensionless fit parameters, 1K  and 3Bξ . 
The fit parameters that are found with this approach offer an interpretation in 
which the highest mass particles are merely bound preons in a quartic Higgs po-
tential, whereas the lower-mass states have a defined momentum and energy (al-
beit with somewhat arbitrary scale factors). 

A second interpretation can be obtained in the context of an anomaly-free QFT 
with permutational symmetry [6]. In this context, an orderly pattern appears as 
seen in Table 1. The approach of [6] is physically similar to the standard-model 
approach here, in which particles circulate in a ring with 3 potential wells. In this 
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case, the kinetic energy of the preons is associated with the hop amplitude in a 
conceptually straightforward way. Moreover, with the theory of [6], one finds a 
three-fold mass degeneracy which leads to the well-known color states of quan-
tum chromodynamics for the quark families. The results of this paper, taken to-
gether with [5] and [6], provide a more complete, quantitative explanation of the 
fermions in terms of the parameters and structure of the standard model. There 
is still uncertainty associated with the momentum of the Higgs fields, 34Hp , in 
these bound states that arise in this nonperturbative treatment. Finally, it should 
be noted that the nonperturbative treatment used here for the Higgs sector stems 
from approaches in nonlinear optics [14] [15]. 
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Appendix: Lagrangian Densities of the Higgs Sector 

The well-known Lagrangian density HL  for the time evolution of the Higgs 
fields is given by [1]-[4] 

 ( )( ) ( )
2

2 1

4 3

0.5 2H

H iH
L i c g g YB V H

H iHµ µ µ

−  ′= ∂ − ⋅ + −   − 
t W .  (A1) 

Here the indices for the Higgs degrees of freedom use the conventions of Taylor 
[2] for the four real-valued components of the Higgs fields, 1H  to 4H , with the 
exception of the sign for 1H . In this equation t  is a vector of three weak-isospin 
generators and Y is the weak hypercharge, µW  are the three corresponding SU(2) 
gauge bosons, and Bµ  is the familiar U(1) gauge field. The coupling constants 
g  and g ′  follow the standard definitions, with units of (energy×length)1/2. The 
coupling constant g  is equal to ( )sin We θ  where e  is the charge of the elec-
tron and g ′  is equal to ( )cos We θ , where Wθ  is the Weinberg angle (also 
known as the weak mixing angle). As is customary,   is Planck’s constant di-
vided by 2p, and c  is the speed of light. To this Lagrangian density is added a 
modification to the Higgs potential well that depends on the fermion family: 

 ( )
2

1 22 1

4 3

1
 

1H H f

H iH
L L

H iH
σ µ λ

−   ′ = + −   −   
,  (A2) 

where fσ  is a family-dependent parameter that will be determined later and 
could be zero. This modification accounts for the possibility of family-dependent 
preon bonds. Equations (A1) and (A2) are manifestly invariant under SU(2) 
transformations before symmetry breaking, and this fact is often used to gauge 
away components of the Higgs fields [1]-[4] in presentations of the standard 
model. The potential term ( )V H  has the form ( )2

2 4H HH H H Hµ λ− +  in 
the standard model, where µ  and λ  are positive real numbers, and “H” de-
notes Hermitian conjugation. The nominal mass HM  of the Higgs is equal to 
( )1 22 cµ   with the chosen conventions, after dividing the energy by 2c . The 
nominal vacuum expectation value is equal to ( )1 2µ λ  with the above notation. 

In a self-consistent treatment of the Higgs fields and Faddeev-Popov ghosts, the 
above Lagrangian density HL  must be supplemented by a ghost Lagrangian 

GhL  that includes the coupling of Higgs and ghost particles [2] [5]: 

( ) ( )
( ) ( ) ( )( )

( )
( )( )

( ) ( )

2 2 4 2 4

2
34 34

2
12 12

2
34 34

1 22 2 2
34 34

2

1

0.5 2

0.5

0.5 2

0.5 2

0.5

Gh Z Z

W Z Z Z

W

Z Z

W

Z Z Z

Z Z

L

c M c M c

g c gM c H H

gM c H H

gM c H H

g g M c H H

gM c

φ φ

µ µ

η ω η ω η ω η ω

ξ η ω η ω ξ η ω

ξ η ω η ω

ξ η ω ω

ξ η ω η ω

ξ η ω

ξ ω

+ − − +

+ − − +

+ − + − − +

+ − − +

+ − + − − +

+ −




′

= − − − −

+ − + −

+ ⋅ ∂ × − − −

+ +

− + +

+ + +

−

W

   



 η ω

( )12 12 .H Hη η+ − − + + 

 (A3) 

  ZM  and WM  are the masses of the Z and W bosons, respectively. ξ  is the 
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dimensionless gauge factor, a positive real number here. The ghosts η  and gauge 
functions ω  of Equation (A3) are related to those of [2] via the following equa-
tions: 

 ( ) ( )4 3cos sinZ W Wη θ η θ η= − ,  (A4a) 

 ( ) ( )4 3cos sinZ W Wω θ ω θ ω= − ,  (A4b) 

 ( ) ( )4 3 sin cosW Wφη θ η θ η= + ,  (A4c) 

 ( ) ( )4 3 sin cosW Wφω θ ω θ ω= + ,  (A4d) 

 ( )1 2 2iη η η± = ± ,  (A4e) 

 ( )1 2 2iω ω ω± = ± ,  (A4f) 

 ( )12 2 1 2H H iH± =  ,  (A4g) 

 ( )34 4 3H H iH± =  .  (A4h) 

 ( )1 2
12 12 H Hµ λ δ± ±= +  and  (A4i) 

 ( )1 2
34 34H Hµ λ δ± ±= + .  (A4j) 

There is no 1 2  is in the definition of 34H ±  because it is not a charged state. 
This choice does not affect the final resulting equations of motion. The equations 
for the gauge functions are derived in [5]. Near the vacuum expectation value 
sample momentum-matched equations are given by 

 
( ) ( )

( )

222 2 2
0 34 12

2
12

  2 0.5

   0.5 , 

t W W

W Z Z Z

c M c M g H

M M c M g H

ωω ξ δ ξ ω

δ ω

± ±

±

∂ = − + +






+ +

p



  (A5a) 

and 

 

( ) ( ){
( )

( ) }
( ) ( ){

( ) }

22 2
0 12

2
12

2
4

2 2
12

2
4

0.5

0.5

0.5 cos

0.5

0.5 ? os .c

t Z W Z Z

W Z Z

Z Z W Z

W Z Z

Z Z W Z

c M M c M g H

M M c M g H

M g H

c Re M M c M g H

M g H

ω

ω

ω ξ δ ω

δ ω

ξ δ θ ω

ξ δ ω

ξ δ θ ω

− +

+ −

− +

∂ = + +

+ +

 + − + 

 = + + 

 + − + 

p

p





  (A5b) 

For the ghost fields η  one also finds a similar set of equations. These are given 
in [5], Equations (13). 
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