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Abstract

We revisit our model of a Higgs fieldasa (y,_) condensate, where y, and

w_
of space deals with a two-component superfluid model, made up of material

are the Planck Particle wave functions of Winterberg. Winterberg’s version

particles, which have positive and negative Planck mass,

m, = */hc/2nG = £2.176E —8 kg . According to Winterberg, 3-D space is lit-
erally made up of a vast assembly (sea) of such particles. Because the superfluid
forces keeping these particles in place are very strong, and thus anchor the par-
ticles spatially in position, the particles are effectively bound, and box quantiza-
tion conditions apply. We believe that space is discrete and has a graininess of
the order, L =5.028E —19 meters, as shown in previous work. If we accept
the notion that space is made up of discrete, tessellated cells, consisting of y,
and y_ particles, each occupying a fixed volume, and if the Higgs conden-
sate is, indeed, a bound <1//+1//_> structure, then we can prove that the Higgs
condensate can only exist if the (net vacuum Planck Particle pressure) = (net
vacuum Planck Particle energy density) lies within certain bounds, not too high,
nor too low. Outside of these bounds, the BEC structure collapses, and no Higgs
condensate state can exist. We'll establish those bounds for a cubic cell con-
struction.

Keywords

Higgs Condensate, Planck Particles, Winterberg Model, Vacuum Pressure,
Vacuum Energy Density, Discrete Space, BEC Stability

1. Introduction

Recently [1] [2], we proposed that the Higgs boson is really a composite particle,
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Le, a bound state, or BEC (Bose-Einstein Condensate), made up of a positive-mass
Planck particle and a negative-mass Planck particle. In order to explain features
of the quantum vacuum, Winterberg, in a series of papers [3]-[13] and in a book
(monograph) [14], introduced and promoted the novel idea that space is, in fact,
made up of a vast assembly (ocean) of positive and negative massive particles, quan-
tum fields, which he called Planck Particles, or Planckions, for short. They form a
two-component superfluid (we prefer super-solid), where they repel one another
within their own species, but attract particles of the opposite species.

These Planck Particles interact very strongly with other Planck particles. In fact,
when displaced from their equilibrium positions, this author has shown [15] [16]
that there are very strong restoring forces wanting to bring them back. Hence, we
believe that a two-component super-solid, versus superfluid, is the more appro-
priate term for describing these particles. Each species forms a cellular 3-D grid of
sorts, and both grids, one for each species, cannot overlap. Each cell occupies a
fixed volume, which can be tessellated, i.e, partitioned with no gaps or overlaps,
to fill all of space. Each cell occupies a volume of order L', where length L is
the fundamental length scale to be associated with 3-D space. This graininess as-
sociated with space is estimated to equal L =5.028E —19 meters , as calculated in
previous work by this author [16]. Unless otherwise stated, all units within this
paper will be in the MKS system.

Space, therefore, i.e., the quantum vacuum, has a material structure, one which
can be deformed, bent and twisted due to external influences. The general theory
of Relativity arises naturally from such a construction. Space also has a quantum
mechanical nature, or component, given that elastic collisions with CBR (cosmic
background radiation) black body photons will cause vibrations and random cha-
otic motions within this space. These photons will collide with the positive and
negative mass Planck Particles, which occupy the same space. An elementary par-
ticle, such as an electron, when placed in this 3-D sea, or ocean, of Planck Particles
will feel these vibrations and exhibit random, chaotic motions, much like a ship
when placed upon the surface of an open ocean. That electron will be tossed to and
fro, which helps explain the statistical nature of quantum mechanics. In fact, both
the Heisenberg uncertainty principle, as well as Schroedingers’ equation, have been
derived by Winterberg [11] using this very concept. Winterberg’s theory is an alter-
native model to string theory, in that it seeks to unify (reconcile) the GTR (General
Theory of Relativity) with QM (Quantum Mechanics). Within Winterberg’s frame-
work, both theories are special cases of a more fundamental underlying concept,
a two-component superfluid vacuum.

In the Winterberg model, there exists for every positive-mass Planck Particle, a
corresponding negative-mass Planck Particle. We generalized the concept to in-
clude charge, ¢, where ¢ isthe Planck charge [16]. The charge explains the re-
pulsive force between Planck Particles of one species, and the attractive force be-
tween particles of the opposite species. So, a positive Planck Particle is really a

quantum field, having (mass, charge) equal to (+m,+¢) . A negative Planck Par-
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ticle is really a quantum field characterized by (mass, charge) equal to (—m,—q).
Due to the equal numbers of positive and negative Planck Particles, there is an
inherent mass/charge neutrality to the vacuum. When unperturbed, i.e., when the
vacuum has no net pressure, or equivalently, no net energy density, then the vac-
uum appears massless, chargeless, and without entropy. According to Winter-
berg, when dealing with a Planck Particle vacuum, there is no difference be-
tween energy density and vacuum pressure. Both are one and the same. We are
dealing with a vast assembly (ocean) of such particles. In empty space, we expect
L7 =3.93E54, particles per cubic meter, half positive and the other half nega-
tive Planck Particles.

Winterberg originally developed his idea of a two-component +/— mass super-
fluid for space, in order to explain the cosmological constant problem, the vast
discrepancy between the QM value, which is ridiculously large, and the GTR, or
Lambda-CDM value, which is extremely low, of the order Lambda ~107 m™.
This has often been referred to as the “worst fine-tuning problem in physics”, an
order of magnitude discrepancy in the neighborhood of 10'**. Winterberg’s solu-
tion was simple. Allow for two types of quantum mechanical oscillators, one pos-
itive and the other negative, throughout space. The positive Planck Particle oscil-
lator counteracts the negative, effectively neutralizing it, and we are left with a re-
sidual, the Lambda-CDM value. There are many reasons to appreciate his model.
It is unfortunate, in the view of this author, that it never received the recognition
or attention it deserved. We pursue it here further, nonetheless.

One of the intriguing consequences of this model is our identification of the Higgs
field as a Bose-Einstein Condensate (BEC). We put forward the notion that the
Higgs field is, in essence, a positive and a negative Planck Particle pair, <|//+1//_> It
is a bound system. See references [1] [2]. The brackets denote a vacuum expecta-
tion value. The y, is the positive mass/ charge Planck particle wave function.
The y_ isthe negative mass/charge Planck Particle wave function. When trapped,
or anchored spatially in position, in a box having volume of order I’, the particle
has a discrete energy level, one per box. Associated with a specific energy level is
a corresponding wave function. The vacuum, Ze, 3-D space, is, in our view, par-
titioned, or tessellated into such boxes. When we identified the Higgs boson as a
(w,w_) condensate, we kept running into an intriguing and mysterious relation,
namely, that the coherence length, &, associated with the Higgs field, ¢ ,isequal
to £=3.13L, where “ L” is the fundamental length scale to be associated with
space. The coherence length may be regarded as a measure of size or “reach” of the
Higgs field. This relation holds for an unperturbed vacuum, e, a vacuum with
no net energy density or pressure. The coherence length for the Higgs is defined
by the relation, ¢ = h/ (mwc) , where m, equals the mass of the Higgs,

m, =125.35GeV/c* [17] [18].

The calculation for L is independent of the mass of the Higgs. Hence, there

should be no connection between & and L. And yet, they are close in value.

The fact that our fundamental length scale for space, L , is relatively close to the
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mass of the Higgs field led us to suspect that the Higgs field might be a (y, 1)
condensate, in the first place. Hence, we took a leap of faith, played with this con-
cept, and made the identification.

We emphasize that our value for the fundamental length scale for space (its grain-
iness, so to speak) does not match that of Winterberg. Winterberg’s fundamental
length scale for space is the Planck length, 1, =/AG/c® =1.616E —35 meters . Our
fundamental length scale, L =5.028E —19 meters, is, by contrast, much larger. It
was derived in reference [16]. Our “ L ” value depends on the CBR (Cosmic Back-
ground Radiation) temperature, 7g, , of the universe. In the present epoch,
Tegr =2.73 K. As such, our “ L ” value expands with the expansion of the uni-
verse, and as T.,, cools, our L value becomes larger. See reference [19] for
two similar models for a specific cosmic evolution of “ L ”. Winterberg’s value for
a fundamental length for space does not scale as the universe expands.

A further reason why we believe our “ L ” value is preferable over his “ /,” value
is that our “ L ” value puts us squarely within the realm of the Higgs boson. This,
we believe, is also no coincidence. This was one of our motivations for treating
the Higgs field as a BEC (Bose-Einstein Condensate).

In this paper, in section II, we review our Higgs condensate model. We also
establish the upper and lower bounds, pressure-wise, within which the Higgs field
can exist as a Planck Particle condensate. Outside of these limits, the Higgs boson,
or 3-D space, for that matter, cannot exist if this model for space is valid. In section
IT1, we generalize the concepts of Higgs force and Higgs binding energy within the
vacuum, when the vacuum, ie, 3-D space, is under net pressure or net energy
density.

We will also establish limits for the binding force and binding energy. If the
quantum vacuum has too much negative pressure, or equivalently, negative net
energy density, then the Higgs condensate cannot exist. The converse is also true.
If too much positive vacuum pressure, or too much positive vacuum energy den-
sity, exists, then the Higgs bond gets broken. We’'ll establish these limits for one

of the simplest examples of a tessellated cell, a cubic cell.

2. The Higgs Boson as a Positive and Negative Planck
Particle Condensate Revisited

According to Winterberg [14], the potential energy operators, U, , acting on the
positive and negative Planck Particle wave functions, y, and y _, respectively,

are given by the following expressions,
Uy, =+hely (yly. —vly, )y. (2-1)

In Equation (2-1), % is the reduced Planck constant, ¢ is the speed of light,
and [/, is the fundamental length to be associated with 3-D space. Winterberg
assumes that this is the Planck length, [, =/#G/c’ =1.616E —35 meters . The
G is Newton’s constant, G =6.674E —11, in MKS units. MKS units are the as-
sumed units in this paper, unless otherwise stated. When a quantity has no units
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written out, we can assume that it is MKS.

To obtain the fundamental equation relating the Higgs field, ¢, to the Planckion
wave functions, y, with w_, we assume that the potential energy of the ¢
field equals the potential energy of the Planckion wave functions, w, with y_,
when added together. Mathematically, let

U(9)=U, (w,)+U (v ) (22

The operator, U(¢), acts on the non-relativistic ¢ , whereas the operators,
U(y,) and U(y._), act on the non-relativistic y, and w_ fields, respectively.
However, if ¢ is assumed to be a composite of the y, and y_ wave func-
tions, then the potential energy of ¢ should equal the sum of U, (v, ), with
U_(w_) . See reference [1] for details and a more rigorous treatment, including
the transition from relativistic fields to non-relativistic fields. The Higgs boson is
normally considered a field in 4-D space-time.

We next substitute Equation (2-1) into Equation (2-2), and find that

U(p)=hely (vly, —v'y )x(v, +y) (2-3)

With the identification of (¢) with (y, +y_), this is the potential energy
equation for the Higgs field.

Let us next define the following quantities,

(n, )= <l/lil//+> = the number density probability of finding v/,

(2-4)
at a point X, within a cellular volume
In other words,
<n+ )dxdydz = the probablility of finding i, between x and x + dx,
between y and y + dy, and between z and z + dz
Also, let
<n7> = <l//j'l//,> = the number density probability of finding v _, (2-5)

at apoint X, within a cellular volume

And, correspondingly,
<ni >dxdydz = the probablility of finding _, between x and x + dx,

between y and y +dy, and between z and z +dz

Then, Equation (2-3) can alternatively be written as
U(p)p=hely({n.)=(n))*(v. +v.) (2-6)

Our modification to Equations (2-3) and (2-6) is to replace /, by L, which
we believe is a better length scale to be associated with space. We now have, in

place of Equation (2-6),
U(p)p = hel’ (<n+>—<n_>)*(ly+ +y) (2-7)

Numerically, L has been calculated by this author, in reference [16], and its

valueis L =5.028E —19 meters . Our “ L ” value increases as the universe expands,
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asitis T.,, dependent, where T, isthe cosmic background temperature of
the universe. In the current epoch, Tz, =2.73 Kelvin. The length scale intro-
duced by Winterberg does not scale with the universe.

The reader will also notice that our length scale, besides being significantly larger
than the one introduced by Winterberg, is within reach of what is achievable in
modern-day accelerators. We may be on the verge of soon observing the graininess
of space, directly.

With the replacement of /, by L, Equation (2-7) can be rewritten as follows

U(p)p=hel’ ((n.)=(n))*(v. +v_)
= (he/L) L ((n,) ~(n_))* (. +v.) (2-8)
= Mc? ({n, )= () (. +v.)

In Equation (2-8), we have defined and made use of the following quantities,
M =h/(Lc) (2-9a)
ny=L" (2-9b)

The <n+> and <n_> in Equation (2-8) are defined at a certain point in space
within a cell. The n,, by contrast, is simply the inverse volume of that cell. The
mass M , in Equation (2-9a), is the mass associated with the graininess of space,
Or vacuum mass, to give it a name.

In a quantum box or cell, we have discrete energy levels due to the Planck Par-
ticles being effectively anchored in position, one per box. However, given a col-
lection of such boxes, half occupied by positive Planck Particles, and the other half
by negative Planck Particles, the collective energy states can differ. Not all are in
the ground state, and the excited states within a volume, 7, can differ in their
respective populations. This leads to <n+> # <n7> , in general. For each unique en-
ergy level, we have a specific wave function for either a positive or negative Planck
Particle wave function. Thus, in a region of space, where we have a volume of such
cells, we can, in general, have a net pressure or net energy density associated with
the vacuum. It takes at least two boxes, a positive and a negative, to define a net
vacuum pressure, or energy density.

According to Winterberg, the total Planck vacuum pressure, p, due to both

positive and negative Planck particles, in a region of space, X, equals
p(¥)=p.+p.
=mpc® (n, —n_)
=0 (undisturbed fluid)
#0 (disturbed fluid)

(2-10)

The undisturbed fluid is the ground state of the vacuum. Here, the positive and
negative mass number densities exactly balance, e, n, (¥)=n_(¥), and the net
vacuum pressure vanishes.

The Planck vacuum pressure is related to the net Planck particle mass density,
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p > by the Planck Particle equation of state, p = pc”. Therefore, by Equation (2-
10), we may also write
p(X)=p. +p.
my(n, —n_)
0 (undisturbed fluid)
#0 (disturbed fluid)

(2-11)

If n (¥)>n (%) or n (¥)<n_(X), the two-component superfluid will no
longer be undisturbed. Then, we will have a net Planck vacuum pressure, and a
net Planck vacuum mass (energy) density. A net Planck vacuum mass/energy den-
sity, and net pressure for the vacuum, positive or negative, is a prediction of Win-
terberg’s theory.

We will not work with Equations (2-10) and (2-11). These will have to be mod-
ified to take into account our new length scale, since it differs from that of Win-
terberg. Instead of using [,, weuse L. Then,

p(X)=p, +p.

2-12
= Mc’ (n+ —nf) ( :

where M isdefined by Equation (2-9a). Similarly, Equation (2-11) gets replaced
by
p(X)=p, +p

M (mn) (2-13)

The vacuum energy density is obtained by multiplying Equation (2-13) by ¢’.

Thus, u(¥)=p(¥)c’* = p(X). This will sometimes be written as,
Au(x)= Ap()'c')c2 =Ap(X), as we are really talking about a net energy density
difference between positive versus negative Planck Particle wave functions. The
same holds for the pressure, p(x). It is really a net vacuum pressure difference
between positive and negative mass Planck particle wave functions. And thus,
p(¥)=Ap(3).

The reader will notice that we have replaced the Planck mass, m, = h/ (Ipc)>
by the vacuum mass, M = 7/(Lc), which is Equation (2-9a), in going from Equa-
tions (2-10) and (2-11) to Equations (2-12) and (2-13). We calculated the value of
“L” in a previous work [16], and we found that L equals

L =5.028E —19 meters . Substituting this into Equation (2-9a), we find
M = 6.994E — 25 kg =392.5 GeV/c? (2-14)

This is numerically close to the Higgs mass, m, =125.35 GeV/ ¢’ . Evaluating

the ratio, we see that

M/mw =3.13 (2-15)

We can define a coherence length for the Higgs field by the relation,
coherence length, ¢ = h/(mwc) (2-16)
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Then, using our definitions, one can prove that

E/L=3.13 (2-17)

The coherence length is sometimes called the correlation length, and it is a
measure of the size or “reach” of the Higgs boson. This factor of 3.13 is no acci-
dent. In fact, we can explain this number geometrically, which will be done in a
follow-up paper. Equations (2-15) and (2-17) hold only if the vacuum is unper-
turbed. In other words, we are assuming that there is no net pressure, or net en-
ergy density associated with the vacuum.

The Higgs field permeates all of space. Thus, any added net vacuum pressure,
or, equivalently, any net vacuum energy density, must be an add-on to the rest
mass potential energy of the Higgs. Therefore, we are justified in writing a gener-

alized version for the Higgs mass equation,

mic® =m,c* +Mc? (<n+>—<n_ >)/n0

(2-18)
= mwc2 +ApL’

The second term on the right-hand side, in the first line, is just the vacuum
potential energy associated with a perturbed vacuum. See Equation (2-8). For the
second line, we made use of Equation (2-12), remembering that p(x¥)=Ap(%).
We have also employed Equations (2-9a) and (2-9b). For an unperturbed vacuum,
the second terms on the right-hand side of Equation (2-18) vanish. In Equation
(3-18), m,, is the adjusted or modified Higgs mass to take into account any net
pressure, or equivalently, any net energy density, within the vacuum. The m,, on
the other hand, is the unperturbed mass of the Higgs boson when the vacuum has
no net pressure, or, equivalently, net energy density. In other words, if
Ap = Au = 0, within a region of space, then, m,, =m, =125.35 GeV/c2 .

Actually, in Equation (2-18), the L’ should be replaced by 2L’ in the second
line. This is because two cells are in play for a Higgs particle. One cell is due to the
v, Planck Particle cell, and the other to the adjacent _ Planck Particle cell.
Each has a volume, I’.

Equation (2-18) can be generalized for a larger volume, ¥ . The generalization

to volume ¥ is to make the replacement, in Equation (2-18),
LAp—20Ap — (V) Ap (2-19)
Involume V ,wehave N, = N_ =N number of cells, where N, arethenum-

ber of cells occupied by w,,and N_ are the number of cells populated by y_.

Since N, = N_ within an arbitrary volume, ¥, the total number of cells equals
AN =V/I (2-20)
The number of Higgs fields within volume 7 issimply N . For an arbitrary
volume, V', Equation (2-18) now reads,
r 2 2
m,c” =m,c” +ApV (2-21)

The second term on the right-hand side of this equation can either increase or

decrease the mass of the Higgs field within a volume, 7 . A net positive vacuum
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pressure (energy density) increases the mass, whereas a net negative vacuum pres-
sure (energy density) decreases it. For a fluid, ApV, is the standard expression
for potential energy; in fact, ApV , is often referred to as fluid potential energy,
or, what is the same, pressure potential energy.

Equation (2-21) has its limits. In other words, the Higgs boson can only exist
within certain prescribed bounds. We will describe these next. To this end, let us

define a new coherence length, &', as follows
modified coherence length, &'= h/ (m;c) (2-22)

!

In this equation, m,, is the modified Higgs mass, which is on the left-hand side
of Equation (2-21). This mass takes into account any net pressure, or net energy
density, within the quantum vacuum. Contrast this with Equation (2-16), which
holds for an unperturbed vacuum, where there is no net vacuum pressure, or
equivalently, no net vacuum energy density. The actual size of a Higgs condensate
is 2& or, more generally, 2&', when dealing with a perturbed vacuum. Twice
the coherence length is defined from outer end to outer end, and it encompasses
two volumes, one for , and one for y_. Moreover, remember that

& =3.13L, holds only for an undisturbed vacuum. See Equation (2-17).

We next consider two extremes. The first is to decrease the net vacuum pressure
from zero (unperturbed vacuum state) to some negative value. Let us decrease
Ap , in the negative sense, until, at some point, the left-hand side of Equation (2-
21) reaches zero. Then, by Equation (2-21), the vacuum pressure difference, Ap,

must equal
Ap =-m,c* [V =~2.008E -8 Joules/V (2-23)

For the second expression, we have made use of
mgé,c2 =125.35GeV =2.008E -8 Joules . The » in this equation is, of course,
the volume. The volume could be 27, for two adjacent cubic cells. If m, =0,
then, obviously, &' =, by Equation (2-22). We have broken the Higgs bond be-
tween i, and y_ atthis vacuum pressure. The Higgs condensate is no longer
a BEC. The pressure required for that is given by Equation (2-23), using the ap-
propriate Higgs volume, 2L’. We are assuming that we are decreasing the pres-
sure within the original volume. This dissociation vacuum pressure, or dissocia-
tion vacuum energy density, will be important when we construct vortex models
for elementary particles (being worked on).

The other extreme is to increase the pressure, Ap, in Equation (2-21) in the
positive sense. This also has its limits. Consider the distance of closest approach
between y, and w_. For cubic cells, each cell normally occupies a volume, I’.
Since , , cannot be sitting on top of y_, the smallest value for 2¢&' is 2&'=1L.
Normally, in the unperturbed vacuum state, one with no net pressure or energy den-
sity, 2¢'=2L, fora y, and w_ condensate, taken together. If 2&'=L, then
m; =2M , by Equation (2-22). Moreover, Equation (2-21) now reads,

(2M -m, )02 =ApV (2-24)
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Solving for Ap, we find
Ap=(6263-1)m,c* [V

~ (5.263)(2.008E _8)/V =(5.263)(2.008E —-8)/V (2-25)

We have used Equations (2-15) and (2-24) to obtain this expression. This is the
maximum positive pressure limit. A Higgs condensate cannot be compressed, or
squeezed any further. Otherwise, the y, cell would be sitting on top of the y_
cell.

The Higgs field as a BEC can only exist within these vacuum pressure limits, if
we accept the notion that the Higgs field is a Planck Particle, (y,y_) conden-
sate. Equivalently, Equations (2-23) and (2-25) are also the vacuum energy density
limits, since Ap = Au, where Au is the difference in vacuum energy density.

Before we close this section, we note that our fundamental equation for the
Higgs field, Equation (2-21), is the equation of a straight line, but with pressure

«_ »

limits. The perturbed Higgs mass m(;)c2 is the dependent variable, the “y” varia-
ble, so to speak. The unperturbed mass, mwc2 , is the “y-intercept”. This value
holds if the vacuum is not under any net pressure = net energy density. And the
Ap = Au, is the independent variable, the “x” value. The volume, ¥, determines
the slope. For two cubic cells, each having volume ¥ = L’, the volume to be used
in Equation (2-21) is

V =2 =2.542E-55m’ (2-26)

We have employed our estimated value for L, which is,
L =5.028E —19 meters , in this equation. The factor of two is necessary in both
equations because a Higgs field consists of two cells, one for y,, and the other
for y_.However, the values for net pressure = net energy density (the independ-
ent variable) are constrained. For cubic cells, Equation (2-23) is the lower limit,
and Equation (2-25) is the upper limit. When we evaluate those limits numeri-
cally, using our volume, Equation (2-26), we find,

Ap = Au=-7.90E46 (lower limit, cubic cell) (2-27a)
Ap = Au =+4.16E47 (upper limit, cubic cell) (2-27b)

Outside of these limits, the Higgs field cannot exist if we accept the notion that
it is a Planck Particle condensate, (y ).

3. The Higgs Binding Force, and Binding Energy

According to Winterberg, the Planck Particle force, which exists between a posi-
tive and a negative Planck Particle, when the vacuum has no net vacuum pressure,

or, equivalently, no net vacuum energy density, is attractive and has magnitude.
F, = he/12 =1.21E44 Newtons (3-1)
Here, [, isthe Planck length, /, =1.616E —35 meters. This is the distance

between the midpoint of the two cells. The potential energy is simply

U, =-F,l, =—1.956E9 Joules . It is negative because the force is attractive.
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However, we don’t believe that /, is the fundamental length scale to be asso-
ciated with 3-D space. We prefer L =5.028E —19 meters , based on previous work
[16]. Our length scale expands with the expansion of the universe as it is depend-
ent on the cosmic background radiation temperature. Winterberg’s /, does not
scale. Our L value also places us within the Higgs sector, which we believe is not
accidental. There are other compelling reasons for preferring L versus [, , which
we cannot discuss here, as it would take us too far afield. With this in mind, we

present a different force equation. Instead of Equation (3-1), we prefer

F,p = he/I? =1.25E11 Newtons (3-2)

This is still an extremely large force, but nowhere near the Winterberg result.
The corresponding binding energy is also much less. If we multiply F,, by L,

we obtain the potential energy,

U,p =—he/L =—Mc* = —6.29E —8 Joules (3-3)

The negative sign indicates a binding energy. We have made use of Equation
(2-9a) in Equation (3-3).
Actually, a better result is
F,, = he/&* =1.28E10 Newtons (3-4)

where & =3.13L. See Equation (2-17). And the corresponding potential energy
is,
Upp =—he/E =—m ¢ ==2.01E -8 Joules (3-5)

The m, is the mass of the Higgs field, m, =125.35 GeV/c* . The & is now
the new distance between the midpoints of the adjacent cells, 4, and B. These re-
sults will become clearer as we progress further.

We also note in passing that
Gm® = kq* = he (3-6)

In this expression, m is the Planck mass, and ¢ is the Planck charge. G is
Newton’s gravitational constant. And k is the electrostatic constant,
k= 1/ (4ne, ), where g, is the permittivity of free space. Equations (3-1) and (3-
2), and their modifications, Equations (3-4) and (3-5), therefore, make sense from
an electrostatic and gravistatic point of view, except that on this level, it is assumed
that Planck masses of a different species attract, whereas those of the same species
repel. In reference [16], we went to great lengths to show the equivalence of gravity
and electrostatics at this level. In fact, in that work, we also tried to make a case
for why the gravitational force is, effectively, an electric force.

The numerical value of M , in Equation (3-6), is relatively close to the Higgs
mass. See Equations (2-14) through to (2-17). As mentioned, we believe this is no
accident. We emphasize that L, and, consequently M , were both calculated in-
dependently from the value of the Higgs mass. In fact, it was precisely that seem-
ingly accidental close proximity between these two masses that led us to suspect

that the Higgs field could indeed be a condensate particle, specifically, a Planck
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Particle, (y,y_) condensate.

What would happen if we tried to bring cell A, occupied by ., closer together
to cell B, populated by y_? When the vacuum is unperturbed, or undisturbed,
there is no net pressure or net energy density. Then, the normal distance of sepa-
ration between the midpoints of these two adjacent cells is & =3.13L . Refer to
Equation (2-17). The cells, A and B, are assumed to lie adjacent to one another.
Equations (3-7) and (3-8) also apply. However, if we bring the two cells, A and B,
closer together, &=3.13L getsreplacedby &' <& .Thus, m/ >m,,byour def-
initions for &' and &.Andby Equation (2-21), we must have an increase in (net
vacuum pressure = net vacuum energy density) within volume, 7 .

If we started separating the distance between the adjacent cells, A and B, the
opposite would happen. The & would increase over &, ie, &' >¢&. Thus,
m;) <m,. And by Equation (2-21), we must have a decrease in (net vacuum pres-
sure = net vacuum energy density) within volume, V . There are limits, of course,
as to how much we can increase or decrease the net vacuum pressure (equivalently
to net vacuum energy density), before the Higgs condensate bond gets broken
apart. See, for example, Equations (2-27a) and (2-27b), which hold for simple cu-
bic cells.

If there is a net vacuum pressure, or equivalently, a net vacuum energy density,
then Equations (3-7) and (3-8) get replaced by

Fpp =he/E” =m’c [ (3-7)
See Equation (2-17). The corresponding potential energy, or binding energy, is
Upp =—he/&' =—m)c? (3-8)

The m,, is the adjusted mass of the Higgs field, given by the left-hand side of
Equation (2-21), which takes into account any net pressure or net energy density
within the vacuum. The ¢’ is now the modified distance between the midpoints
of the adjacent cells, 4, and B. And 2¢&' is the size of the Higgs cell, outer cell end
to outer cell end. Again, the net vacuum pressure can either increase the mass of
the Higgs, m, >m,, or decrease the mass of the Higgs, m, <m, . From Equa-
tions (3-7) and (3-8), it is obvious that a greater Higgs mass means a stronger
binding force and binding energy. A weaker Higgs mass, due to negative vacuum
pressure, means the opposite. It must lead to a weaker binding force and a weaker

binding energy. See Equations (3-7) and (3-8).

4. Summary

We revisited our Higgs condensate model, based on Planck Particles. We were
able to establish bounds, upper and lower limits, for vacuum pressure and, equiv-
alently, energy density. Outside of these limits, the Higgs field ceases to exist. This
was done for a cubic tessellated cell construction, which was used to model our 3-
D space. Other discrete tessellated structures are possible, but a cubic cell is one
of the simplest to understand and appreciate. Space is discrete because it has a

graininess associated with it. This graininess lies in the realm of the Higgs boson,
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energy-wise, if our thinking is correct.

Our fundamental equation for the Higgs field is given by Equation (2-21). From
this equation, we see that the Higgs mass is variable and depends critically on the
net vacuum pressure = net vacuum energy density. By raising the pressure within a
volume, 7, we increase the Higgs mass. This implies shrinking its size, or lowering
its coherence length, &'. By lowering the pressure, the reverse happens. The value
of the Higgs mass decreases, and its size, &', increases. See Equations (2-16), (2-
22), and (2-21). When the vacuum is undisturbed, with no net pressure or energy
density, its mass is simply m, =125.35 GeV/ ¢’ . And interestingly enough, if
Ap = Au =0, then its size, &'=¢& =3.13L. See Equations (2-16) and (2-17).

Finally, we talked about binding force and binding energy for a Higgs condensate.
These are also variable and are given by Equations (3-7) and (3-8), respectively. The
independent variable is the net vacuum pressure= net vacuum energy density,
within a volume, 7 . This determines the Higgs mass and, consequently, the Higgs
size, represented by its coherence length, &'.If there is no net vacuum pressure, the
mass equals m, =125.35 GeV/c2 . And the size reduces to &'=£=3.13L.Ina
follow-up paper, we will offer a geometrical explanation for why this last relation
holds.
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