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An attempt is made to explain the observed quark-lepton symmetries in the framework of the 
recently proposed Planck aether model of a unfied field theory. If the many body lepton wave 
function can rearrange itself into a vortex-substructure, very much as it has been observed in the 
fractional quantum Hall effect, all the symmetries can be understood by the quantum numbers of 
these vortices and their interactions, and all fermions as permitted combinations of those vortices, 
including the correct number of force-transmitting bosons. The proposed model can also give a value 
for the mass of the intermediate vector boson. All charges are explained by the quantum mechanical 
zero point fluctuations of the Planck masses making up the Planck aether.

1. Introduction

To overcome the divergence problems of relativistic 
quantum field theories it was recently proposed that 
there might be an underlying nonrelativistic super- 
fluid substratum of densely packed positive and nega­
tive Planck masses, permeating all of space, and mak­
ing up what may be called the Planck aether [1]. This 
hypothesis can explain fermions as objects composed 
of the positive and negative mass of the Planck aether, 
and bosons as quantized compressional and vortex 
waves. Lorentz invariance results as a derived dynamic 
symmetry for composed objects in a static equilibrium 
held together by forces transmitted through bosons. 
Symmetry demands an equal number of positive and 
negative Planck masses making the cosmological con­
stant equal to zero *.

If the interactions in between the Planck masses are 
delta function potentials, the Planck aether obeys two 
fundamental equations for the two field operators ijj+

* An idea coming very close to this hypothesis was sug­
gested by Sakharov many years ago [9], He too believed that 
space might be densely filled with Planck masses and he 
speculated that the resulting enormous mass density would 
have to be compensated by hypothetical "ghost" particles. 
He furthermore insisted that there should be a cut-off at the 
Planck length, but he did not realize that the introduction of 
such a cut-off destroys Lorentz invariance. Accordingly, he 
did not take the crucial step to recognize that under these 
conditions, Lorentz invariance would have to be a dynamic 
symmetry.
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of the positive and negative Planck masses:
(1.1)

+ v 2<A± + f 2 rp(>A+ >K -  <A+- >A-) >A+or 2 mp

satisfying the commutation relations

bM r)>J,f±(r')] = ö (r-r ') ,

[^±(r)iA±(F)] = [ ^ ( r ) ^ ±(F)] = 0. (1.2)

In (1.1) mprpc = h, and Gm2 = hc, where mp and rp are 
the Planck mass and Planck length with G the New­
tonian gravitational constant.

Furthermore f 2 = 2hc, and hence f 2 rp = 2Gh2/c2. 
Making the Hartree approximation

<iAliA±<A±> = <>Ai) <<A±X</'±>, (1-3)

whereby

<p± = <^±y, = (i.4)

one obtains two coupled nonlinear wave equations
for <p±:

(1.5)
6 (p± _ h 2 , , 2  2 /*  * Xih —— = + ---- V > ± + f zr (̂(p* (p+-cp* (P-) q>± .
ct 2mp

Putting
ih

n+ = (pf(p+, n+ v+ = + -----[cpt V(p+-(p±V(pt] (1.6)
2 mp

and applying the Madelung transformation [2], (1.5) 
assumes the hydrodynamical form

(1.7)
9 n+ di>+ 1
—-+ d iv (n +i>+) = 0, —- = +  —  grad(F + Q+), 
at at mp
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where

d»± dv±
d t St

Q± = +

+ (»±-V)i>±, V = f 2rl[n+- n . ] ,

h2 V21 /n
2 m,

(1.8)

The Planck aether has compressional wave modes 
propagating with a velocity equal to the velocity of 
light. The source of these compressional waves are the 
zero point fluctuations of the Planck masses bound in 
the vortex filaments. The Planck masses thereby be­
come the source of an attractive scalar force generat­
ing the Newtonian gravitational force field of the 
Planck masses. Without the expenditure of energy, the 
Planck aether can form a lattice of quantized vortex 
rings having a core radius equal to the Planck length 
rp and a ring radius about ~103 times larger, the 
latter being estimated by making a quantum mechan­
ical analogy of the Reynolds number minimum resis­
tance criterion. This configuration greatly resembles 
the aether model of a frictionless fluid with ring vor­
tices embedded in it proposed by Kelvin [3], except 
that the Planck aether is a quantum fluid composed of 
both positive and negative masses. As in Kelvin's 
model, the vortex lattice permits the propagation of 
transverse waves which for small amplitudes have 
exactly the same symmetry as those derived from 
Maxwell's equations. The vortex rings of the Planck 
aether are coupled through the longitudinal compres­
sion waves, which in the presence of the vortex lattice 
have a cut-off for a wave length larger than the vortex 
ring radius r0. The transverse waves propagated 
through the vortex lattice have a lower wavelength 
cut-off at about the ring radius r0. The value of r0, 
estimated to be about ~103 times larger than the 
Planck length, fits well with the experimentally estab­
lished grand unified energy, at which all the inter­
actions transmitted by vector gauge bosons become 
equal, and which corresponds to a lower wavelength 
cut-off about ~103 times larger than the Planck 
length.

The correctness of the estimated value for the ring 
radius is supported by the interpretation of Dirac 
spinors as bound excitions made up from the positive 
and negative vortex resonance energy associated with 
an elliptic deformation of the vortex rings:

The compressional waves lead to the Newtonian 
gravitational potential by which the positive and neg­
ative mass of the vortex resonance are coupled. For 
masses of opposite sign, the energy of this interaction 
is positive, thereby providing the positive mass of the 
Dirac spinor. In terms of the Planck mass, the spinor 
mass m turns out to be [1]

m/mp = 2(rp/r0)6=2(mG/mp)6. (1.10)

For the typical value m/mp = 2x 1022 (putting m = 5 
MeV), one obtains ro/rp = 5000, in good agreement 
with the mass ratio of mp/mG, where raG is the mass for 
the grand unified scale.

With the observed mass m coming from the inter­
action energy of two very large and equal but opposite 
masses, our model can do without the Higgs field 
mechanism but, like the Higgs field equation, has in 
(1.5) the typical <p3-term. With its natural in-built 
cut-off at the Planck length, our model eliminates all 
unphysical infinities. Unlike the divergent co3 zero 
point energy spectrum of relativistic theories, our 
model has a cut-off at the Planck scale, resembling the 
Debye model of a solid.

2. Vortex Substructure of the Planck Aether

As previously shown [1], the proposed model is 
capable of reproducing the symmetries needed for 
quantum electrodynamics, but it is less obvious how it 
might lead to the observed quark-lepton symmetries 
of the standard model. An appealing feature of the 
Planck aether model is that it makes plausible the 
similarity between the phenomenology of high energy 
particle physics and solid state physics. In the model, 
all particles are quasiparticles of a substratum, like the 
phonons and excitions in a solid. The Higgs mecha­
nism furthermore resembles the Landau-Ginzburg 
theory of superfluidity. Because of this broad similar­
ity, one should expect that the quark-lepton sym­
metries should have a solid-state physics counterpart 
as well. We claim that such a resemblance is provided 
by the fractional quantum Hall effect. It occurs in a 
very pure thin sheet confining a two-dimensional elec­
tron gas. As Laughlin [4, 5] has shown, this electron 
gas can be described by the wave function

±™pc2(rp/rc (1.9)
i/f(r1, r 2, . . . , r JV) = n  u," j<k j

, (2.1)
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where Zj = Xj — iyj is the coordinate of the j-th electron 
in complex notation and l2 = hc/eH (obtained from 
m I2 co = h and co = e H/m c for the lowest Landau level). 
The magnetic field H is directed perpendicular to the 
sheet. If is an odd integer, the wave function is 
completely antisymmetric, obeying Fermi statistics, 
and is made up from states of the first Landau level 
with the kinetic energy equal to (1/2) hcx> per electron. 
For the square of the wave function one has

\ik\2= e ~ ßH,

ßH = I  In \rj — rk\+ (1/212) X 
j<k j

which is the probability distribution \ip\2 of a one- 
component two-dimensional plasma.

For n = 1, the wave function is a Slater determinant, 
but this wave function does not describe the situation 
actually observed. Numerical calculations for four to 
six electrons done by Laughlin, rather, show that the 
wave function (2.1) for n = 3 gives a much better agree­
ment. It is this wave function which satisfactorily ex­
plains the fractional quantized Hall effect, in which 
plateaus in the conductivity are found to occur in 
multiple steps of (1/3)e2/h.

The physical meaning of the wave function (2.1) can 
be understood if one keeps all electrons, except one, 
fixed in their position and carries out a closed loop 
motion of the one electron around a point at which 
the wave function vanishes. This displacement pro­
duces the phase shift

Acf> = (e/hc)§A ds = (e/hc)\ H d f , (2.3) 
where //=curl A. Accordingly there should be

Z = (e/hc) j / /  • d /  (2.4)
vortices within the area j df. To satisfy the Pauli prin­
ciple there must be at least one vortex at the position 
of each electron. In Laughlin's wave function there are 
exactly n vortices for each electron. We therefore have 
to put Z = p. The fractional quantized Hall effect then 
simply means that the charge of one vortex is e/3 
provided /i = 3. In the two-dimensional electron fluid 
each electron, therefore, splits into three vortices of 
charge e/3.

This result can be made plausible with Madelung's 
hydrodynamic formulation of quantum mechanics. 
The non-relativistic Schrödinger equation for one 
electron in a magnetic field is

With
ih

n = il/*ij/, n v = ------ (i//*ViA-i//Vi/>*), (2.6)
2m

the hydrodynamic form of (2.5) is given by

du 1 e
—  = -----grad Q H------ v x H ,
dt m mc

dn h2 W2]/n
—  -+divni> = 0, Q = - ~ -------
61 2m j/„

(2.2) from which foliows that (v = 0, ± 1, ± 2,...)

r -d s=  — v -  —  \ H df. m mc

(2.7)

(2.8)

It shows that the presence of a magnetic field causes 
the occurrence of the vortices in the electron fluid.

If a magnetic field is adiabatically applied to the 
electron fluid, the Helmholtz theorem

df
<j> r • ds = 0 (2.9)

= —  ( - i h V - - A  1 iA 
dt 2m \  c 1

(2.5)

states that, if the circulation j  v ■ ds is zero before a 
magnetic field is applied, it remains zero thereafter. 
This, of course, does not imply that the circulation 
inside the contour taken in (2.9) can not differ from 
zero, because the circulation of different vortices can 
add up to zero, as it would be the case for four vortices 
with equal and opposite circulation. A vortex configu­
ration with the total angular momentum (1/2) h could 
be constructed from two vortices with opposite circu­
lation quantum number v = +1, and one vortex with 
v = 1 with the spin quantum numbers adding up to a 
total angular momentum (1/2) h.

Variational calculations made by Laughlin show 
that the wave function is best described by a equilat­
eral triangular vortex lattice, very much as in classical 
fluid dynamics, where in the Karman vortex street a 
triangular arrangement of the vortices has the greatest 
stability.

3. The Quark-Lepton Symmetries

The explanation of fractional charges in the frac­
tional quantized Hall effect raises the question if the 
occurrence of fractional charges in quantum chromo- 
dynamics may have its cause in a vortex structure of 
the Planck aether. This would require for the aether to 
condense into thin sheets within which the vortices
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would be confined, but, in addition, there would have 
to be something acting like a magnetic field. Apart 
from these difficult dynamic questions, one can easily 
show that if the electron- and neutrino-wave functions 
can split up in vortices in a similar way as it happens 
in the fractionally quantized Hall effect, the quark- 
lepton symmetries can be easily understood. The angu­
lar momentum of a vortex in units of h is equal to the 
circulation quantum number v. The vortices for which 
v = 1 we call A, those for which v = 0 we call B, and 
finally those for which v = — 1 we all C. The neutrino 
(v) and positron (e+) wave functions are then to be 
represented by six vortex states, with the lower indices 
giving the value for the electric charge of these vortex 
states:

A1/3
B0 , (e+)=  B1/3. (3.1)
C0 1^1/3

A second set of six vortex states is obtained by replac­
ing the neutrino and positron with their antiparticles. 
That three vortices are needed is quite plausible be­
cause three vortices are needed at least to define a thin 
sheet, replacing the two-dimensional geometry in the 
Hall effect.

We claim that the first six vortex states can repro­
duce all the six u and d quarks of the first family. How 
the neutrino and positron are composed of these vortex 
states is already shown in (3.1). With the indices r, g, 
b (red, green, blue) identifying what is called the color, 
we have for the three colors of the u quark:

At/3 Al/3 [A 0
Bl/3 > ug = , B0 , ub = I Bl/3
C0 I C1/3 I Cl/3

For the three d quarks we have

If A0 f Ao ^  - 1/3

H
B0 , II , B- 1/3 .

^  I1 B°
i[ C - „ 3 I Co I C0

Because the vortices are substates of the leptons, color 
confinement then simply means that only those vortex 
configurations which can be combined into leptons 
are able to assume the form of free particles. Mesons 
are made up form quark-antiquark configurations, 
each containing three vortices and three antivortices.

If the vortices interact, they do this by the exchange 
bosons. Very much like a photon confined by a bound­
ary. the bosons are here massive. And, very much like

an electromagnetic wave in a wave guide, the waves 
assume a longitudinal component in addition to their 
transverse component. We claim that our model can 
thereby reproduce exactly the eight gluons of the stan­
dard model, communicating an interaction in between 
the vortices attached to the different quarks.

In our model the gluons are bosons transmitting 
angular momentum. To change an A vortex into a 
B vortex, a B vortex into a C vortex, or vice versa, 
requires a change in the angular momentum AL = ± 1, 
and to change an A vortex into a C vortex, or vice 
versa, a change by AL = + 2 is needed. These changes 
can be made by just two angular momentum operators 
with L = 1 and L = 2, having £ (2 L  + 1) = 2 + 1 + 4 + 1  
= 8 states, equal to the number of gluons in QCD. The 
transitions in QCD identified by red-green (r-g), red- 
blue (r-b), and green-blue (g-b), lead in our scheme to 
changes in the angular momentum of the vortices in 
the following way:

• V  A A A
r - g  = g ^ b : B ^ B  r -  b : B ^  B

These transitions require four changes AL= +1 and 
two changes AL = +2, in total 6 changes. In addition 
there is the change for which AL = 0:

A ->A
r ->r = g ->g = b -> b: B -> B , (3.5)

C >C

realized with the two L ,=  0 components of the angu­
lar momentum operators for L = 1 and L = 2, which 
for this reason must be counted twice. Together with 
the 6 changes involving AL = +1, +2 one has a total 
of 8 possible changes involving the exchange of angu­
lar momentum. The 8 gluons of QCD are, of course, 
not to be identified with these 8 angular momentum 
transmitting bosons but rather with certain combina­
tions of them. A color-changing gluon would be al­
ways a superposition of a spin 1 and a spin 2 boson. 
A transition leaving the color unchanged would in­
volve the superposition of spin 2 or spin 1 bosons. Our 
model, therefore, reduces color charge to nothing 
more than angular momentum. As we will see below, 
this assignment may help us to understand the physi­
cal origin of the charge phenomenon in general.

The same decomposition into vortex states done 
here for the first family can be repeated for the next 
higher families. And the weak interaction phenomenon 
is explained in our model by the exchange of bosons
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made up from spin 1 and spin 2 angular momentum 
transitions in between the vortices of the leptons given 
by (3.1).

We remark that our model can be compared with 
the rishon model, with the rishons turning out to be 
vortex states. The three hypercolor charges of the 
rishon model are the three angular momentum states 
L = 1,0, — 1 of the vortices. The prescription of the 
rishon model that only those configurations are possi­
ble which are color neutral with regard to the hyper­
color, is explained in our model by the requirement 
that the vortex states must add up to zero angular 
momentum.

We note that collisions between polarized protons 
show a strong spin dependence of the interquark forces 
[6], which at least can be qualitatively understood by 
our vortex-model.

4. The Origin of the Higgs Mechanism

We have shown that the vortex substructure is rich 
enough to account for all the observed symmetries, 
but we now show that it may even explain the dy­
namic behavior. This is a much more difficult prob­
lem, but at least we can give some qualitative argu­
ments pointing towards its solution.

As previously shown [1], the substratum model pre­
dicts very massive scalar quasiparticles of both mass 
signs, resulting from the resonances of the vortex 
rings, with the lowest resonance energy given by (1.9). 
Therefore we will now discuss the question of whether 
these quasiparticles might be identified with the Higgs 
bosons of the standard model. We note that, with a 
value of r0/rp< 104, the resonance energy (1.9) would 
be > 10" GeV, much too high to be detectable with 
any particle accelerator, including the SSC.

To explore this hypothesis in more detail, we write 
down the relativistic nonlinear wave equation derived 
from the Higgs-Lagrangian:

□  (p + x2(p-4/.cp3 = 0 , (4.1)

where /> 0 , and x = mc/h, with m equal to the mass of 
the Higgs meson. Because our model is exactly non- 
relativistic, we have to make the transition of (4.1) to 
its nonrelativistic approximation. In the nonrelativis- 
tic limit we have to put

1 6 2cp
1Ü2

2 i m d(p

by which (4.1) becomes 

o t 2 m
mccp +

2/.h2
<P~ (4.3)

As in the original Higgs model, (4.3) has the static 
global solution [7]

(p2 = x2/2a. (4.4)

Comparing (4.3) with the Hartree equation (1.5) for 
the mass mp, we may say that, according to our model, 
the Planck aether acts on mp with a potential

V = ( f 2r2p/mp)(cp2-cp 2p) (4.5)

with the potential energy equal to mpV, and with 
<p2 = l/2 r3. Assuming that the potential energy of a 
mass m is likewise mV, we would have from (1.5) for a 
mass m the nonlinear equation

i h ^ - = - ^ - V 2(p + 2mc2rl((p2-(p 2p)(p 
of 2 m

2m
V2<p — m c2 (p + 2 mc2 r3 <p3 (4.6)

(4.2)

A comparison of (4.6) with (4.3) gives a value for the 
coefficient of the quartic in the Higgs Lagrangian. 
Putting r0/rp = 5 x 103, one finds

/. = x2r3p = rp(rp/r0)4 = 2.5 x 10"'48 cm . (4.7)

In the standard model the weak vector boson mass 
can be expressed by the "weak magnetic vector poten­
tial" A of the WSG theory as follows (with the vacuum 
gauge A = 0):

mwc2 = e A, (4.8)

but also through the universal Fermi constant GF by

mw c2 = 21/4 g ]/hc/GF ^  85 GeV, (4.9)

where g is the semiweak coupling constant. Since in 
our substratum model a lepton might split into three 
vortices, it is suggested that these vortices are line 
vortices in a sheet of thickness Ö, with the vortices 
ending at the two surfaces of the sheet. If this is so, 
then the "weak magnetic field" in the sheet must be 
H^A/ö. And because of mw c ö ̂  h, we find from (4.8) 
an expression for H:

H = (mwc2)2/eh c= \0 26 [esu], (4.10)

which corresponds to a huge weak magnetic field of 
~ 1026 Gauss. Like a magnetic field it produces a 
Lorentz-force. It can be shown to be strong enough to
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produce a vortex structure, as it is known from the 
fractional quantized Hall effect. According to (2.8) the 
magnetic field needed must be at least of the order

H ^h c /er2, (4.11)

where r is the Larmor radius. For relativistic velocities 
r is of the order

r~m wc2/eH (4.12)

Eliminating r from (4.11) and (4.12) gives the same 
value of H as (4.10). Furthermore, from

H ~ 4 n n e <5 (4.13)

we find for the number density of charges in the sheet

n = ^(m wc/h)3^  1051cm"3 (4.14)

(provided each intermediate vector boson has the unit 
charge j//Tc).

If the energy density of the Higgs masses are of the 
same order of magnitude as the energy density of the 
weak vector bosons, one has for the number density of 
the Higgs mesons

nH/n = mw/m = 10 10' (4.15)

Because nH is still very small compared to the number 
density rp 3~ 1 0 "  cm-3 of the Planck masses, a very 
small increase in the substratum density caused by a 
local condensation into thin sheets would be sufficient 
to produce the vortices.

A more interesting question is if the mass of the 
intermediate vector boson can somehow be derived. 
In the standard model 7i-mesons are bound states 
made up from quarks and their antiquarks. It is, there­
fore, plausible to assume that the intermediate vector 
bosons are bound states made up from vortices and 
their respective antivortices, into which the leptons 
can split according to our model. The mass formula 
(1.10) for a Dirac spinor was derived from the equa­
tion

m = 2G | mv 13/h c = \mv\3/m2, (4.16)

where |mv | = mp(rp/r0)2. In (4.16) m is the mass result­
ing from the interaction of two quasi-particles of op­
posite mass +mv. We may likewise apply the same 
formula to the interaction of two vortices of opposite 
mass formed from the fluid of quasiparticles of mass 
±mv. The effective mass of a vortex should be deter­
mined by its kinetic energy. For a vortex all masses 
attached to the vortex and having a nonzero kinetic 
energy can contribute to the zero point fluctuations.

For the effective vortex mass m*, we therefore have 

1
m* c2 = — j  f (m j2) v2 2 n r dr .

7i rz ;'

With the vortex velocity given by

v = c (rjr) 

we find that

m* = my ln(r/rp) .

(4.17)

(4.18)

(4.19)

Assuming that the average distance between the vor­
tices is by order of magnitude r = we find by 
inserting into (4.16) after replacing rav by m* and set­
ting m = = m j 2, since the intermediate vector boson 
shall be composed to a vortex and its antivortex of 
equal mass, that

mw ^  4(m3/mp) ln3(mp/mv

With m/mp = 2(mv/mp)3 we can write for (4.20)

mw , /  mn m
—  = 2 In3 M 1 —  m \ m m„.

(4.20)

(4.21)

With the empirical value of the electron-Planck-mass 
ratio mp/m = 2A x 1022, we find that m jm = \.2 x  105 
and. therefore, /?iw = 60 GeV, not too far off the correct 
value mw = 85 GeV. A better agreement can hardly be 
expected in view of the crude estimate made.

5. The Origin of Charge

A fundamental problem in elementary particle 
physics is the origin of charge. It enters into the equa­
tions as an empirical coupling constant, but otherwise 
remains completely unexplained. However, it was 
shown [1] that in the Planck aether hypothesis the 
gravitational charge at least has a very plausible ex­
planation. It results there from the zero point fluctua­
tions of the Planck masses bound to the core of the 
positive and negative mass ring vortices formed in the 
Planck aether.

According to the uncertainty principle, the kinetic 
energy density of the fluctuating Planck masses posi­
tioned in the vortex core within a volume of radius 
2rp is

s = h cf8 71 rp . (5.1)

These fluctuations are the source of virtual compres­
sion waves propagating with the velocity of light, and 
they produce an attractive inverse square law force F
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with an energy density F 2/Sn. For positive Planck 
masses this energy density is actually negative, but so 
is there the kinetic energy density (5.1), because it is the 
kinetic energy density of a hollow vortex filament. For 
vortices formed from negative Planck masses the situ­
ation is reversed. Equating for r = rp the energy density 
F2/Sn with (5.1) and solving for F one finds that

which is just the attractive Newtonian force exerted by 
one Planck mass. For Dirac spinors of mass m<^mp 
the gravitational charge is reduced to [/Gm because m 
is there the residual mass resulting from the gravita­
tional interation energy of two large positive and neg­
ative masses of the Planck aether of which the Dirac 
spinor is composed *.

At the grand unified energy, which in our model is 
the scale of the ring radius of the positive and negative 
mass ring vortices, all the interactions become equal 
with the exception of the gravitational interaction. At 
the Planck scale the gravitational interaction Gm2/ 
hc= 1, but at the grand unified scale the dimensionless 
constants of the strong, weak and electromagnetic in­
teraction are smaller. The fact that these interaction 
constants are not many orders of magnitude smaller 
than Gm2 suggests that their origin as well is located 
in the zero point fluctuations, with the reduction in the 
interaction constants less than Gm2 resulting from 
polarization effects. This hypothesis still must explain 
1) why the electromagnetic interaction leads to a re­
pulsion, 2) why the charges are equal at the grand 
unified scale, 3) why the weak interaction is coupled to 
an axial current vector, and 4) why some interactions 
enter in non-Abelian gauge theories.

In the Planck aether hypothesis the fundamental 
ring vortices are coupled with each other through 
virtual compression waves in the wavelength region 
rp < /  < r0. This coupling leads to a mechanical wave 
which for small amplitudes has the same form as the 
transverse electromagnetic wave derived from Max­
well's equations. Because this wave is described by a 
vector field equation, it must lead to a repulsion. At 
the scale of the ring radius r0, the energy density of the

* In the Planck aether model all fields are replaced by 
mechanical motions of the Planck masses, and a gravita­
tional mass m<£m can there arise from the uncompensated 
kinetic fluid energy of the positive and negative masses of the 
substratum.

field transmitted by these waves is

E2/8n=  e2/8nrQ, (5.3)

where e is the electromagnetic coupling constant. To 
determine its value resulting from the zero point fluc­
tuations, we note that at the scale r0 we have

ymvr0c = h , (5.4)

where mv = mp(rp/r0)2, and where y= (1 — v2/c2)~112 
= r0/rp with v the azimuthal velocity of the rapidly 
circulating pole-dipole particle producing the Dirac 
spinor [1]. From (5.4) we have

ymv = (rp/r0) mp , (5.5)

leading within the volume {4n/3)rl to the zero point 
energy density

£ = (1/6) y mv c2/(4 n/3) c/8 tir*. (5.6)

Equating (5.3) with (5.6) yields for the value of the 
electric charge at the ring scale

e2^ h c . (5.7)

By extrapolating the coupling constants to very high 
energies one finds e2/h c~ 1/40 instead. A value e2/hc 
~ 1/40 would mean that at the grand unified scale the 
Planck aether has a dielectric constant £ ~ j/4Ö ~ 6, re­
sulting from polarization effects not treated in our 
crude estimate.

The axial current interaction of the standard model 
occurs only for configurations involving in our model 
vortex substructures, in which the leptons split up in 
a triplet of vortices. Very much like a bound particle 
can execute radial zero point oscillations, a vortex can 
execute azimuthal zero point oscillations. With the 
moment of inertia 0  = mprp and angular velocity co 
the magnitude of these zero point fluctuations is deter­
mined by the uncertainty principle for rotational 
motion

G co^fi, (5.8)

leading to an energy density by order of magnitude 
equal to the energy density of the radial oscillations. 
The vortices thereby become the source of virtual vec­
tor field waves which by order of magnitude again 
must have the coupling strength g2^hc. However, 
because the virtual rotational fluctuations have the 
character of an axial vector, the current to which these 
interactions couple must be an axial vector as well.

The origin on non-Abelian gauge theories can be 
explained as a result of vortex-vortex interaction

557
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through their radial and rotational zero point fluctua­
tions. These vortices behave like small electrically 
charged magnets, and the total vortex-vortex interac­
tion must, therefore, be a superposition of electric- and 
magnetic-type interactions. The static electric force 
exerted by magnet 1 on magnet 2 is

Fe = -?V<2>! , (5.9)

where is the scalar electric potential produced by 
the electric charge on magnet 1. To compute the static 
magnetic force, we consider two magnets of moments 
ml , m2, separated by the distance r, with the magnetic 
fields produced by them expressed through their vec­
tor potentials.

m, x eT m-, x eT4 —_I___L A — 2 r (5.10)

where it is assumed the ex is _L to mx and m2, and 
where ex is a unit vector along r. The magnetic force 
on m2 by m1 is then given by

Fm = V(/n2 • curl A1) = 6Al • A2er . (5.11)

For three interacting vortices, three vector potentials 
are likewise needed. The nonlinear quadratic term in 
(5.11) is typical for terms occurring in Yang-Mills 
theories. The expressions for Fe and Fm are valid for 
static fields. For nonstatic fields the forces are ob­
tained by their relativistic generalizations, because in 
the dynamic substratum interpretation of special rela­
tivity only those configurations are stable whose life­
time is large compared with the Planck time [1], The 
only possible generalizations satisfying this dynamic 
selection principle are just the relativistically invariant 
Yang-Mills type force fields:

= K <  - d ^ l - g - 1 f lmk 4  A : , (5.12)

where f lmk are the dimensionless structure constants 
and where g is a coupling constant having the dimen­
sion of an electric charge. In the SU2 electroweak 
model one has k = 1, 2, 3 and / imk = £;m\  where slmk is 
the Levi-Civita completely antisymmetric tensor. In 
Yang-Mills theories of the weak and strong interac­
tions g must be inserted "by hand". In our model its 
value can be determined from the zero point fluctu­
ations.

In the Planck aether there is an equal number of 
positive and negative Planck masses, and because all 
charges have their origin in the zero point fluctuations 
of the Planck masses, the equal number of positive 
and negative Planck masses then explains why the

Planck M asses

+mp , -mp

Vortex Rings

Vortex Ring R esonance

+(rp/r0)2mp , -(r /r0)2mp

V

(r0)

( V p )

(r06/rp5)Lepton Dirac Spinors 

+ o

A1/3 B1/3 C1/3 A0 B0 C0
— Lepton Vortex S u b sta tes  —̂

Quarks
Fig. 1. Different structures and scales in the Planck aether 
hypothesis.

sum of all charges is zero. This is true for the electric 
charges, but it is also true for the sum of all color 
charges, always adding up to a colorless combination. 
For the sum of the gravitational charges it is true if the 
negative gravitational potential energy cancels the 
positive energy of all gravitationally interacting masses. 
Since in our model positive masses result from the 
positive gravitational energy of positive masses inter­
acting with negative masses, it simply means that if 
without the expenditure of energy positive masses are 
formed out of the Planck aether, the positive gravita­
tional energy set up between equal masses of opposite 
sign must be exactly cancelled by the negative gravita­
tional energy set up in between the positive masses, 
with this positive mass, resulting from the interaction
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M e s o n -S ta te s  

Lepton-Antiiepton = Positronium..., higher families

Quark-Antiquark = Tf^Meson..., higher families 

Vortex-Antivortex = W,Z Bosons..., higher families
Fig. 2. The different meson states.

of the positive with the negative masses. Astronomical 
data, in fact, suggest that the positive energy of the 
universe is balanced by its negative gravitational 
potential energy, and which is another way of saying 
that the cosmological constant is zero. The vanishing 
of the cosmological constant, and the other empirical 
fact according to which the sum of all other charges is 
zero, has in our model, therefore, the same cause, 
which is the equal number of positive and negative 
Planck masses in the Planck aether.

6. The Higher Families

In the Planck aether model the second and third 
families can be explained as radial internal excitations 
of pole-dipole configurations. The value of the first 
excited state corresponding to a radial pulsation has 
been computed by Bopp [8], with the result that it is 
about ~200 times larger than the ground state en­
ergy, a result in good agreement with the experimen­
tally obtained muon-electron mass ratio. The whole 
reasoning we had outlined for the first family, then 
simply repeats itself for the higher families. In the

second family it is the muon and mu-neutrino which 
would split up into sub-vortex states, with combina­
tions of them producing the strange and charmed 
quarks.

Because the intermediate vector bosons of the WSG 
theory are in our model composed of a vortex-anti- 
vortex pair from the first generation, there should be 
two more, much heavier intermediate vector bosons 
made up from vortices of the two next higher genera­
tions. Assuming that the mass ratios of the vector 
bosons are about equal to the mass ratios of the 
leptons, the next higher vector boson should, there­
fore, have a mass of ~2 x 104 GeV.

In Fig. 1 we have displayed the different structures 
and scales as they are conjectured in the Planck aether 
hypothesis. In Fig. 2, the different meson-states are 
displayed. Because all these mesons are derived from 
the leptons, they must include positronium as such a 
state.

Compared with the rishon model, the rishons are in 
our model replaced by the A, B, and C vortices. Our 
model, however, does not share the two fundamental 
problems of the rishon model, which are 1) the energy 
mismatch for the composed states, and 2) its inability 
to explain the higher families as a result of internal 
radial excitations of the rishons. The reason why our 
model does not have these problems is that it explains 
Dirac spinors as objects composed from two large 
masses of opposite sign, with the residual mass coming 
from the positive gravitational energy. Even though 
the rishon model can account for all observed 
fermions, it fails to give an explanation for the origin 
of the vector gauge bosons, explained in our model by 
collective substratum excitations.
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