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ABSTRACT:

Assuming a two component, positive and negative mass, superfluid/supersolid for space (the
Winterberg model), we model the Higgs field as a condensate made up of a positive and a
negative mass, planckion pair. The connection is shown to be consistent (compatible) with the
underlying field equations for each field, and the continuity equation is satisfied for both species
of planckions, as well as for the Higgs field. An inherent length scale for space (the vacuum)
emerges, which we estimate from previous work to be of the order of, 1,(0) =1_(0) =

5.032 E — 19 meters, for an undisturbed (unperturbed) vacuum. Thus we assume a lattice
structure for space, made up of overlapping positive and negative mass wave functions,  ,
and, Y_ , which together bind to form the Higgs field, giving it its rest mass of 125.35 Gev/c?
with a coherence length equal to its Compton wavelength. If the vacuum experiences an
extreme disturbance, such as in a LHC pp collision, it is conjectured that severe dark energy
results, on a localized level, with a partial disintegration of the Higgs force field in the
surrounding space. The Higgs boson as a quantum excitation in this field results when the
vacuum reestablishes itself, within 10~%2seconds, with positive and negative planckion mass
number densities equalizing in the disturbed region. Using our fundamental equation relating
the Higgs field, @, to the planckion Y, and \y_wave functions, we calculate the overall vacuum
pressure (equal to vacuum energy density), as well as typical Y, and Y _ displacements from
equilibrium within the vacuum.
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I Introduction

The Higgs force field, and the Higgs boson, as a quantum excitation in that field, are probably
the least understood, and most obscure feature, in the standard model of particle physics. In
2012, the LHC (Large Hadron Collider) ATLAS and CMS collaborations [1-3] have found a
particle compatible with the Higgs boson, having a rest mass of 125.35 Gev/c? (latest
estimate). This interpretation is not definitive because even though the particle has all the
characteristics of the Higgs boson (spin-less, charge-less, color-less), we are not really sure what
a Higgs particle is. Could it ultimately be a composite particle, similar to a Cooper pair in the
BCS theory found in condensed matter physics? If so, then the lattice would play an integral
and crucial role in defining the Higgs field, as the condensate now reduces to something
comparable to an electron-phonon-electron interaction.

Associated with this interpretation of the vacuum are far-reaching attempts to understand how
gravity fits in. Work in this direction, nowadays is carried out, for example, by Sean Carroll and
associates, as well as others [4-8]. In a series of papers they attempt to address the
fundamental problem of how mass/energy, and the geometry of space, are interrelated via a
guantum mechanical formulation of space, i.e., the vacuum. The hope is that through the
specific phenomena of entanglement, a quantum mechanical description of space is possible,
one that incorporates gravity, and clarifies how mass/energy within that space, and geometry
are interconnected. Again the vacuum is assumed to be the key towards a proper
understanding of the connection between gravity, quantum mechanics and geometry.

These attempts are not the newest attempts to understand the quantum mechanical vacuum,
and the role it plays in determining particle interactions, as well as gravity. One older, and
relatively novel, such approach, was proposed by F. Winterberg, who claimed in a series of
papers [9-14], and in a book [15], that the vacuum is, in reality, made up of a vast assembly
(sea) of positive and negative mass particles, held together by strong superfluid forces.
Together, these particles, which he called planckions, form a two component
superfluid/supersolid, which has zero net pressure, zero net mass density, and zero net
entropy, due to their mass compensating effect, already at a scale of the Planck length, about,
10~3>meters. Only when the vacuum is disturbed (perturbed) is there a net vacuum pressure,
and energy density, which we showed, and identified with dark energy in later work [16-18].
However, this was at a vastly different length (and energy scale), approximately, 5 E —

19 meters (392.9 GeV). Winterberg’s theory is a very ambitious theory, where gravity and
guantum mechanics are derived as two distinct, asymptotic limits, within a more
encompassing, and very mechanistic, theory. The fundamental symmetry of nature, he claims,
is not relativistic, SO (1,3) Lorentz invariance, or extensions thereof, but rather the non-
relativistic, SO(3)~SU(2) , which our three dimensional space reflects. Lorentz invariance in



his model is a dynamical symmetry, which nature mimics. His theory was presented as an
alternative to string theory.

Finally, if we go back even further, Heisenberg, in his non-linear spinor theory [19-27],
attempted nothing less, starting already back in the 1930’s, and continuing on into the 1950’s
and 1960’s. He introduced a fundamental length scale for space itself, and even proposed,
initially, a lattice like structure for the vacuum, which was estimated to lie somewhere beyond,
10" 15 meters. Below this distance scale, it was argued that there is a veritable “explosion” in
the production of all types of “elementary particles”, few of which are now regarded as
“elementary”. His work was largely ignored and sidelined. Only, recently, in string theory and
guantum loop gravity, have some of his ideas been partially resurrected, albeit in a much
different guise. Some excellent review articles are given in references [28,29].

In this work, we will attempt to make sense of, and connect all of these seemingly disparate
ideas. Our contention is that Heisenberg, and Winterberg, are fundamentally correct in their
interpretation of the vacuum having an intrinsic length scale, for the renormalizability of
guantum field theories, to avoid singularities, and to prevent the divergences associated with
the zero-point vacuum energy [15]. Interestingly, Winterberg studied under Heisenberg, and
earned his PhD under his guidance. It is therefore perhaps no accident that they thought
similarly in many respects. We believe that space has a lattice like structure, and moreover,
that it is responsible for dark matter and dark energy [16-18], as well as ultimately, quantum
mechanical entanglement (to be proven). Winterberg believes that the length scale for the
vacuum is of the order of the Planck length, about, 1073>meters. Heisenberg, and others,
believed it was much, much less, about, 10~ **meters, or smaller. We conjecture, based on
previous work [18], that it lies in the neighborhood of about, 5.032 E — 19 meters, and will
make heavy use of this result in this paper.

The goal of the present work is to establish a connection between the planckions of
Winterberg, and the Higgs field in the standard model of high energy physics, and show that the
Higgs field really represents the vacuum made up of positive and negative mass planckion pairs.
Our ansatz, or working assumption, is that one Higgs field is the equivalent of one positive and
one negative mass, planckion pair, bound together through lattice like forces acting on the
separate species individually. Because of these fluid forces, the positive mass planckions are
forced to rub shoulders, spatially, with the negative mass planckions, and form a quasi, semi-
bound state. Disrupting the vacuum means disturbing the Higgs fields. We also wish to make
credible the idea that the LHC is really producing extreme dark energy, and disrupting some of
these, ¥, bound states, temporarily, destroying the super-lattice structure for a small subset
of the excited Higgs fields. When the vacuum re-establishes itself, within 10722 seconds, the



Higgs boson is being produced. With the LHC, we may actually be probing and exploring the
granular, lattice-like structure of space itself. This is our thought.

The outline of the paper is as follows. In section Il we consider the Higgs sector. We believe it
to be a phenomenological artifact of space, displaying SO(1,3) invariance as a dynamical, but
not as a fundamental, symmetry of nature. In section Ill we posit the fundamental relation
relating the Higgs field, ¢, to a Y and Y_, planckion pair. We show that, with this particular
identification or assignment, the equations of motion for both the positive mass planckion, i, ,
the negative mass planckion, Y¥_ , and the Higgs field, ¢, are satisfied. We also derive the
continuity equations, connecting the two theories. In section IV, we use our, ¢ , and, Y, with
Y_, connecting ansatz, to explain what transpires in a LHC, pp collision from the viewpoint of
the vacuum. This will be highly speculative interpretation, but numerical results are calculated,
including increased vacuum pressure, and average, root mean square, planckion displacements
from equilibrium within the vacuum. Finally, in section V, we summarize our results and
present our conclusions.

] The Higgs Sector

We start with the nonlinear, relativistic Higgs field equation,

Q+urp —41 g 129 =0 2-1

In this equation, the Higgs self-coupling strength, 4 > 0, and u is defined as, u = m,c/h, with
m,, equal to the mass of the Higgs boson. To make a connection to the standard model in
particle physics, ¢, is, in reality, a SU(2) complex, doublet of the form,

1 ;2
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Upon symmetry breaking (electro-weak— electromagnetism + weak interaction), this reduces

to,

0 =112 () @-3)

We will ignore the complexities associated with the complex, doublet structure as this will not
be relevant for our discussion. Nor will we consider the specifics of spontaneous symmetry
breaking, per se.



Experimentally, the self-coupling strength has been determined to equal, A = .260, and the
mass of the Higgs is found to equal, m, = 125.35 GeV/c? = 2.231 10" %°kg. Upon

spontaneous symmetry breaking, the Higgs field reduces to,
<@’ =1/\2v = u/\/(Z/’l) = 1/V/2 (246 GeV) = 174 GeV (2-4)

, in units of energy, where selectively, h = ¢ = 1. The vacuum expectation value, 174 GeV, is
known as the electro-weak symmetry breaking scale. In actual, non-reduced units, <@®> =
8.804 E17 m™1.

The, u, in equation, (2 — 1), can be evaluated; its value is
u=myc/h=6344 E17 m™! (2-5)

The coherence length, &, for the Higgs field is its Compton wavelength, and represents the
scattering size of the Higgs boson, given a Yukawa like potential. It is equal to, u~ 1, and
numerically,

§=ut=1576 E — 18 meters (2-6)

The numerical values are given to establish a connection with the standard model of particle
physics.

The Winterberg model assumes that, ¢, is, in reality, exactly nonrelativistic. Making the
transition to the non-relativistic limit, we must set [15],

(1/c?) 0%¢p/0t* — (2im,/h) dp/0t + ¢ 2-7)

Then equation, (2 — 1), reduces to,

. 0
ih %/ 5, = =h2/(2m,) V2p — m,c?p + (2002 /my,) 1 12 (2-18)
Interestingly, as in the Higgs model, the non-relativistic equation, (2 — 8), has the same static,
global solution as in the relativistic case, namely,
0% =p?/(21) = 7.751 E35m™2 (2-9)

A non-trivial, ¢, # 0, is needed for spontaneous symmetry breaking. We emphasize that
equation, (2 — 8), can be derived from a Lagrangian, which is exclusively non-relativistic, and
displays SU(2) invariance.

Winterberg next assumes that, @3 = 1/(213,), where, lp,, is the Planck length, [, =
V(hG/c®) = 1.616 E — 35 meters. If this is the case, then a connection with the standard
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model, equation, (2 — 9), makes no sense. Numerically, <p§, as determined by equation,
(2 —9), cannot equal, 1/(213,). Second, if we assume that, 2 = 1/(213,), then we must

have canonical dimension of L~3/2

for ¢, which is at odds with the assumed canonical L1
behavior in high energy physics. The, L™1, canonical dimension of ¢, is required for a Yukawa
type coupling to the fermionic matter fields within the Lagrangian. Winterberg models his
theory after the Landau-Ginzburg field in superconductivity, where the ¢ does indeed have

-3/2

canonical dimension of, L . We will adhere (conform) to the standard model of particle

physics, where, dim[¢] = L1

We emphasize that equation, (2 — 8), has a Schroedinger like structure for ¢, where, ihd; is
the Hamiltonian operator, the —h?/(2m,,) V2, is the kinetic energy term, and,

U(p) = (2Ah*/m,,) 1@ 1* —m,c? (2 —10)

, is the potential energy term. All are operators, which act on, ¢. The relativistic theory, given
by equation, (2 — 1), is assumed to be an asymptotic, phenomenological limit, derivable from
the non-relativistic version, equation, (2 — 8). Lorentz SO(1,3) invariance is assumed to be a
dynamical, and not fundamental symmetry of nature. Equation, (2 — 10), will be important
when we make the identification of, ¢, with a planckion positive mass wave function, ¢y,
coupled with a planckion negative mass wave function, ¥_ . The pair will form a quasi-bound
state which we identify with a Higgs field.

1 Planckion Wave Functions and a Possible Connection with the Higgs Field

Planckion wave functions permeate all of space, and, in fact, our contention is that they make
up a superfluid/supersolid lattice we call space. The vacuum as exemplified by the Higgs fields,
we believe, is really made up of disguised, ¥, and, Y_condensate, planckion pairs. In this
section, we discuss planckion wave functions, their equations of motion, SU(2) symmetry, and
the lattice structure of space. We also relate the Higgs field, ¢, to, ¥, and, Y_, by positing a
very specific relation between them.

According to Winterberg, the positive and negative mass, planckion, wave functions, obey the
following operator equations [15],

iP5/ = F02/2mp) Vs + 2he By Wl — Y. G- D)



In this equation, mp; = \/(hc/G) =1.222 E19 GeV/cZ, is the Planck mass, and, lp; =
\/(hG/c3) = 1.616 E — 35 meters, is the Planck length. The potential energy operator in
equation, (3 — 1), is given by,

Upy) = +2he 13, Wlp, —piyg) (3-2)

The potential energy, U(3), acts on the positive and negative mass wave functions, ¥,
respectively. The individual wave functions obey the canonical commutation relations

[We@PIaN| =6G-%)  [P@, (D] =0 = [pI @), pIE)] (3-3)

Equation, (3 — 1), can be derived from a non-relativistic Lagrange density of the form,

Ly = ihyply, F 02/ @mpy) (VL) - (V) F 20e B3, [1/2 pLbs — YLz lplyy 3 -4)
The dot over the, 1/)i , signifies a derivative with respect to time.

It will be noticed that equation, (3 — 1), has the form of a non-relativistic version of
Heisenberg’s non-linear spinor field theory equation [19-27], one of the earliest attempts at a
“theory of everything”. The interaction term, U 14 , the second term on the right hand side in
equation, (3 — 1), involves an inherent length scale, lp;, a kind of coupling constant having
inherent dimension. In contrast to Heisenberg’s relativistic spinor theory, however, equation,
(3 — 1), is non-relativistic. As pointed out by Winterberg, the Hilbert space derived by
equation, (3 — 1), is therefore always positive definite.

We believe that the length scale, [p;, = 1.616 E — 35 meters, introduced in equation, (3 — 1),
is incorrect. It is much too small. We believe that it should, more properly, be replaced by a
length scale of the order, [, (0) = [_(0) = 5.032 E — 19 meters, based on previous work
using entirely different arguments. Moreover, the interaction terms in equations, (3 — 1), and
(3 — 2), are redundant. If we assume that the positive mass planckions, and the negative mass
planckions, only interact within their own species, then equation, (3 — 1), should be replaced
by the much simpler version,

ih V%), = 02/ (2mp) Vi, £ 0 L Wi )Ys  (3-5)

Then, by adding the potential energy of, i, with that of, Y_ , we obtain,

U) + U®-) = he 1 (0)2 Wlvs — plys) (3-6)

, versus two times the right hand side if we were to use equation, (3 — 1). This seems much
cleaner and less redundant. It was argued extensively in previous work by Winterberg that, i,



and, Y_, do not interact directly, but rather indirectly, through fluid forces acting on each
species separately. Equations, (3 —5), and, (3 — 6), fit that state of affairs precisely whereas
equation, (3 — 1), does not. Notice that, lJ_r(O)Z, has replaced, 13, , in both equations, (3 — 5),
and, (3 — 6). Moreover, the right hand of equation, (3 — 6), is invariant under SU(2)~S0(3)
symmetry, whereas the individual equations, (3 — 5), separately, are not.

From elementary quantum mechanics, we know that, l/)ll/)id35c) , represents the probability of
finding the planckion fields, 1 , within volume d3x. Both Y4 have canonical dimension, L7372,
where, L, stands for length (or inverse momentum). Moreover, the respective, positive and
negative mass, planckion number densities are defined by,

ny =Pl = ny(%,0) B-7)

These quantities tell us how many positive and negative mass planckions are contained within
one cubic meter, centered around space-time point, (¥,t). Unless otherwise stated, MKS units
are utilized throughout the paper.

The continuity equation reads,
dny /0t + V- (nyvy) =0 (3-8)

In this equation, @ , is the velocity of, ny, respectively. Equation, (3 — 8), is satisfied,
provided the 1. planckion currents are defined as,

Jr =nyvy = Fih/@mp) [WIVYs — .Vl 3-9)
We note that the particle number operator,
Ny = [¢ly,d3% = [n,d®% (3 —10)
, satisfies the commutation relation,
ih Ny = [Ny, H] (3-11)
, Where, H, is the Hamiltonian operator. Also,
ihy = [Pq, H] (3-12)

The dot over a variable denotes a derivative with respect to time, i.e., 1/)J_, = dyy/0t.

Finally, equations, (3 — 1), and the simplified version, equations, (3 — 5), when both the
positive and the negative mass planckions are included as a pair, are invariant under the
following SU(2)~S0(3) group transformations.



Vi - Y, Vi, - —Iys,  mp, o> —mpy, to>—t  (3-13)

Invariance under the Lorentz group has to be derived dynamically, and is not an inherent
symmetry of either equations, (3 —5), nor, (3 — 6).

To obtain the fundamental equation relating the Higgs field, ¢, to the planckion wave functions,
Y, with Y_, we next assume that the potential energy of the ¢ field equals the potential
energy of the planckion wave functions, ¥, with ¥_, when added together. Mathematically,
let,

Ulp) =U@) +U®-) (3-14)

The operator, U(¢), acts on the non-relativistic ¢, whereas the operators, U(3,.), and, U(y_),
act on the non-relativistic ¥, and Y _fields, respectively. However, if ¢ is assumed to be a
composite of the i, and 1_ wave functions, then the energy stored by virtue of position, the
potential energy of ¢, should equal the energy stored by virtue of position for the sum of
U(py), with, U(yp_). Thus, we believe that equation, (3 — 14), is justified.

We next substitute equations, (2 — 10), and, (3 — 6), into equation, (3 — 14). We find then
that,

(2A0%/my) 1 1? —myc? = he L(0)* WIvs — Yivs) (3 - 15)
This can also be written as,
(2Ah?/my) 1@ 1?2 —my,c? =he 14 (0)* (ny —no) (3 —16)

, where, we have used the equations, (3 — 7). Equation, (3 — 15), or, equivalently, (3 — 16),
is the basic equation connecting the Higgs field to the planckion wave functions. These are very
interesting equations. They essentially state that should the respective planckion number
densities balance, as in an undisturbed (unperturbed) vacuum, then the right hand sides vanish,
and we are left with,

9 12 = m2c?/(2Ah%) = pu?/(2A) = v?/2 (3-17)

, in agreement with equation, (2 —9). Equation, (3 — 17), will be recognized as the vacuum
ground state solution. If, n, # n_, then we no longer have a ground state solution. It would
be comparable to raising or lowering the water level in an ocean, to use a rough analogy. If,
n, # n_, then the vacuum is perturbed in either the positive or negative pressure sense. In
other words there is a net vacuum pressure, or equivalently, a net vacuum energy density.



Notice that the combination given by the right hand side of equations, (3 — 15) or,
equivalently,(3 — 16), is charge-less, spin-less, and colorless. For a vacuum in the unperturbed
state, it is also massless. For an unstressed vacuum, n, = n_, and the right hand side of
equation, (3 — 6), vanishes. The rest mass for the Higgs is really found on the left hand side of
equation, (3 — 16), where we consider specifically equation, (2 — 10). The left hand side has
the Higgs mass as a built-in feature for the vacuum in the undisturbed, or, what is equivalent,
for the vacuum in the ground state. If the vacuum is perturbed, and, n, # n_, then the mass of
the Higgs will be affected by the vacuum potential energy of its associated, Y, and i_ pair.

From previous work [18], we estimated that,
[,(0) =1_(0) =5.032 E — 19 meters, n4(0) = (1+(0))"3=7.848E54m™3 (3 —18)

This holds for the undisturbed vacuum. The, [;(0), is the nearest neighbor distance of
separation between both positive mass planckions, as well as, negative mass planckions. We
derived the above equation, (3 — 18), in reference [18] using independent arguments. The
estimated values are fairly accurate, but may have to be modified in future work. Nevertheless,
we believe that the order of magnitude is valid.

It is only for a gravitationally stressed vacuum that, n, # n_. In fact, we identified, (n, —
n_) > 0, with dark energy [18], where the total vacuum mass density, p = Pgg, €Quals,

p(X) =py+p-
= mp; (ny —n_)
=0 (undisturbed vacuum fluid) (3—-19)
* 0 (disturbed fluid; gravitational field)
Moreover, the total vacuum pressure, p = pg4, Or equivalently, the total vacuum energy
density, u = ugg, in a region of space is given by,
p=ps +p-

= mp; ¢ (ny —n_)

=u=u,; +u_
=0 (undisturbed vacuum fluid) (3—20)
0 (disturbed fluid; gravitational field)

Equations, (3 — 19), and, (3 — 20), define space within our model, and the identification with
dark energy is not due to Winterberg. It is important to note that these equations hold only if
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we have 100% excited states within that space. In other words, within the gravitationally
stressed vacuum, all Higgs fields, and thus all planckion pair wave functions, 1, are activated,
and, physically displaced from equilibrium.

We can rewrite equation, (3 — 16), in a slightly different form. Using equation, (3 — 18b), we
find that,

(2402 /my) 19 12 = myc? = he/l+(0) [(ny = n)/n(0)] (3-21)
Or, upon inserting some numerical values,
(22h%/my,) 1@ 12 = 12535 GeV /c? 4+ 3929 GeV /c* [(ny —n_)/ny(0)]  (3-—22)

We have substituted the numerical value for, 11 (0), specified in equation, (3 — 18a), to obtain
he/l4(0) = 392.9 GeV /c?. The second term on the right hand side of equation, (3 — 22),
allows us to effectively increase, or decrease, the mass of the Higgs boson, depending on how
gravitationally stressed the vacuum is. It is essentially a linear relationship, where, 1@ 12, is the
dependent variable, and the, (n, — n_), is the independent variable. We know that, n,(0) , is
specified by equation, (3 — 18b).

For, n, > n_, we have dark energy, and an increase in effective mass for the Higgs boson. For,
n, < n_, we have the opposite of dark energy, or, what we will call, “light energy”, and a
decrease in effective mass for the Higgs boson. Here there is net negative pressure, or net
negative energy density, in the vacuum by equation, (3 — 20). If the net negative vacuum
pressure is severe enough, i.e., if we have extreme light energy, then the mass of the Higgs
boson can be made to vanish entirely, i.e., the right hand side of equation, (3 — 22), vanishes.
For that to happen, the condition to be satisfied is,

[(ny —n_)/n.(0)] = —125.35/392.9
= —319 (3 —23)

Because, 125.35 GeV /c? is the mass of the Higgs boson when, n, = n_, we consider the rest
mass of the Higgs to be the effective binding energy for the undisturbed vacuum. This binding
energy is not due to a direct interaction between 1, and, Y_, but rather, due to fluid forces
acting on each separate species. These fluid forces are such as to force the, ¥, and the y_, to
rub shoulders with one another spatially. Remember that the Higgs field is considered in this
work to be an effective, phenomenological, and non-relativistic field. We can think of the right
hand side of equation, (3 — 22), as the effective potential energy of one Higgs particle within
the vacuum, where the vacuum potential energy, the interaction term, can directly influence its
mass.
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In a somewhat different guise, equation, (3 — 21), can be rearranged, and rewritten further as,
lp 12 = mg,c?/(24h%) + hem,, /(2A0%) 1/1,.(0) [(ny — n_)/n4(0)]
= 1?/(22) + 1/ 22) 1/1:(0) [(ny —n_)/n4(0)]
= 12/(22) {1+ £/1:(0) [(ns — n_)/ns (O]} 3 -24)
, where we have made use of the definition, equation, (2 — 5), and equation, (2 — 6).

We could choose the Higgs coherence length, ¢ , in equation, (3 — 24), to equal, [ (0), on the
right hand side for further simplification, but there is no reason to assume that the coherence
length of the Higgs, its scattering size, should equal the nearest neighbor distance of separation
between the positive mass, or, between the negative mass, planckions. Indeed, that would
seem a coincidence, and it is more natural to assume that, £ > [ (0). Numerically we find that,
§/1.(0) = 3.132, although this estimate may have to be revised later, as [1.(0) is but an
approximation. See equation, (3 — 18a), and the discussion that follows thereafter. The
important point is that the orders of magnitude match, i.e., & is comparable to, 1. (0) , and that,
¢ > 1,(0). Remember that ;. (0) is obtained through entirely different arguments [18], and its
proximity to the Compton wavelength of the Higgs boson, led us to suspect a connection with
the Higgs field in the first place. We suspect that we may be on the right track with the
identification, summarized by equation, (3 — 15), or, (3 — 16). The electroweak symmetry
breaking scale matches, fairly closely, the proposed nearest neighbor lattice distance between
individual plankions. This seems to us to be more than a coincidence.

What remains is to show that the equations of motion for, ¢, and those for, Y. , are consistent
with equations, (3 — 15), and, (3 — 16). Moreover, the continuity equation associated with
each field has to be satisfied. From equations, (2 — 8), and (3 — 5a, b), it follows that,

.l.
—in %9/, = —82/(2m,) VT — m,cil + (2202 /m,) 1g 120t (3 — 25a)

+
—in Vi) = 07 /2me,) VL £ he 1,002 Wl wl 3 - 25b)

We next rewrite equation, (3 — 24), as follows,

o 12 = u2/(22) + u/(22) 1 (0)? [(Ip, —¥iyp)] (3—126)

, where we have utilized equations, (3 — 7), and, (3 — 18b). We differentiate equation,
(3 — 26), with respect to time by operating with the differential operator, ihd/dt. This gives,
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i [0 + 0T0,0] = ih u 1. (0)2/(22) [l + i, —Yiy_ —yiy]  (3-27)

Using equations, (2 — 8), (3 — 1), and, (3 — 25), this simplifies. After some remarkable
cancellations, we obtain,

h2/(2my) [(V291) e — 1 (729)] = h24/(2mp,) [(V21)p, — I (V2p,) +
(V2 — I3 )] (3 —28)
, where the connecting length scale, 4, between, ¢, and, 14, is defined as,
A= [u/(20)] 14(0)? = 3.095 E — 19 meters (3-29)

This length scale connects the Higgs mass, with the nearest neighbor distance of separation,
between either positive mass, or negative mass, planckions, within the lattice.

We next implement the mathematical identity,
[(V2a)b — a(V2b)] = V - [(Va)b — aVb] (3 — 30)

, on both the left and right hand side of equation, (3 — 28). This renders,

(1/my) V- [(VoN)p — 0TVo] = (4/mp,) V- (W), — IV, + (V1 )y —pIVy_]

(3—31)
Now, using equation, (3 — 9), the right hand side reduces to,
4/in) [V-]3 =V -]]] (3-32)
Notice that the mass, mp;, has factored out. Similarly, the left hand side, becomes,
(2/ih) [V-]] (3 —33)
The Higgs current, J, has been defined as,
] =7 (@) = 1,9, = (ih/2my,) (Vo )p — Vo] (3-34)

, Where, n, = (pT<p, is the Higgs number density. The mass, m,, , also factors out in deriving
expression, (3 — 33). We therefore obtain for equation, (3 — 31), after substitution of
expressions, (3 — 32), for the right hand side, and, (3 — 33), for the left hand side,

V-N1=A4V-j5-V-I] (3 —35)

Or, using the continuity equation for, ¢ , as well as for, ¥, and, Y_,



dn, = A[dn, —d;n_] (3 —36)

The continuity equation holds for both left and right hand sides. The equations of motion for, ¢
, as well as those for, Y, and, _, are all consistent with our basic ansatz, equation, (3 — 26).

One may have noticed that the units for Higgs number density, n, = ot , are peculiar
because, in the standard model of particle physics, dim[@] = L™1. We remedy this by bringing
the A in equations, (3 — 35), and, (3 — 36), over to the left hand side. Then, 471, and,

A1 n, , have the correct dimensions for a physical current, and a physical number density,
respectively. This we interpret as the real Higgs current, and the real Higgs number density.
One will notice then, that the number density increase in Higgs field with respect to time, is
directly related to the increase in number density of positive mass, minus that of negative mass
planckions. Because of the symmetry between planckions, a positive increase in i, number
density leads directly to the same corresponding decrease in Y_ number density. See
equation, (3 —36). We will see later that, (n, —n_) = 2An, where, An, is the increase
(decrease) in n4.(0) for ny(n_). One also has the flow equation, (3 — 35). When the, 4, is
brought over to the left hand side, the 1. planckion current flow is directly related to the Higgs
current flow into, or out of, a region of space. Higgs fluid flow and planckion fluid flow are thus
inextricably linked through equations, (3 — 35), and, (3 — 36).

We close this section with the following very important observation. If space has a natural
cutoff in length, as indicated by, 1, (0), then the Planck mass, the Planck energy, the Planck
temperature, etc. all have to be modified in value. Take the Planck mass for example. We
know that, by definition, mp; = V(hc/G), and, I, = V(hG/c3), where, G, is Newton’s
constant. These relations allow us to write, mp;, = h/(lp,c). If lp; is allowed to go down to
the normal Planck length, [p; = 1.616 E — 35 meters, then and only then, does, mp; =
1.222 E19 GeV /c?, its customary assumed value. But if we introduce a natural cutoff length
for the vacuum of, [, (0) = [_(0) = 5.032 E — 19 meters (see equation, (3 — 18a), then lp;
can only approach [ (0). And, as a consequence,

myp, = m(4) = h/(1L(0)c) = 392.9 GeV /c* = 6.994 E — 25 kg (3-137)

We call this the modified Planck mass, myp;, and, [,.(0) = lyp , is the modified Planck length.
This is precisely the term that sits in front of the second term in equation, (3 — 22), and is our
version of the Planck mass in equations, (3 — 1), and (3 — 5). The, myp., should also be
substituted in place of, mp; , in equations, (3 — 19), and, (3 — 20). The, mp;, in all those
equations should, more properly, be replaced by, my,p;, because we assume an intrinsic length
scale which deviates from the Planck scale.
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Moreover, we have introduced with this work, a modified version of Planck energy, Planck
Temperature, etc. Using the length scale defined above, we find that,

EMPL = mMpLCZ = 3929 GeV TMPL = EMPL/kB = 4‘555 E15 Kelvin (3 - 38)

The, kg, is Boltzmann’s constant, and, Ty;p;, is the modified Planck Temperature. It is
interesting to note that all particles in the standard model were frozen out at a temperature
just below 10%® Kelvin [30-33]. Equation, (3 — 38), seems to fit that general scheme. Could
it be possible that no elementary particles can form above the temperature indicated by
equation, (3 — 38b)? This would be a remarkable proof that the proposed theory is correct.

To take this a step further, for elementary particles to form in the Winterberg model, we need
vortices set up within the vacuum. An elementary particle is just that, a stable vortex, where
the kinetic energy of this excitation gives the elementary particle its mass, and the direction of
motion, its spin. An unstable vortex reflects an unstable particle. At energies approaching
equation, (3 — 38a), the vacuum loses its superfluid properties and the vortices can no longer
sustain themselves. In other words, we enter another phase for the vacuum, where super-
fluidity is completely lost. Perhaps we have indeed reached an energetic limit for the
production of elementary particles at a scale approaching approximately, 392.9 GeV. Thisis an
interesting prediction of the model we are presenting. Perhaps there is no desert region in
particle physics between roughly, 100 GeV, and 10*° GeV, as is customarily thought.

v Application

In this section, we consider a specific application of our fundamental equation, (3 — 15), or
equivalently, equation, (3 — 24). We consider the case of a pp collision such as is found at the
LHC experiments at CERN. What happens within the vacuum, and what physical quantities
can be determined? These results are highly speculative. Nevertheless, specific values for
measurable quantities can be determined.

It has been estimated [34,35] that the energy density reached in the latest series of LHC
collider experiments, where pp annihilation takes place, is of the order of, u(6.5 TeV) =

640 GeV/fm3 = 1.024 E35 J/m3, where, 1fm = 107> meters. This is for a nominal
collision energy of, 13 TeV. Incidentally, in LHC heavy ion, Pb — Pb collisions, energy densities
can reach higher values, as high as, 12 — 14 GeV/fm3, with a Nucleon-Nucleon exchange
energy of, v/syy = 5.02 TeV. The analysis presented here in this section, can be carried over
into those realms as well.
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We know that for one Higgs field, any increase in vacuum potential energy is given by the
second term on the right hand side of equation, (3 — 22). We multiply this by the excited
Higgs number density, which we call, An. The, An, must equal, An = AN /AV, where, AN, is
the number of excited (activated) Higgs, within the impacted or affected volume, AV, the
volume within which the fields have been excited. The, AN, is a subset of the total number of
Higgs fields within, AV, which we call, N,. We therefore have,

An/ny = AN/N, 4-1)

Here, ny, is the normal number density of Higgs with, or without, any excitations. From
previous work [18], we estimate this number to equal, ny = n.(0) = 7.848 E54 m™3. See
equation, (3 — 18b). The, AN, and, N, , are both defined within the impacted volume, AV

Thus far, we have the energy density, which is being created in a LHC, pp collision, and we set
this equal to, the number density of the excited Higgs, multiplied by the increase in vacuum
potential energy for one Higgs field. Therefore, by equation, (3 — 22),

.640 GeV /fm® = A(VPE1H) * (An)
= [392.9 GeV * (ny —n_)/n(0)] * (An) 4-2)

The, A(VPE1H), represents the change in vacuum potential energy for one Higgs, given by the
second term on the right hand side of equation, (3 — 22).

Now the, (n; —n_)/n4(0) term on the right hand side of equation, (4 — 2), can be written a
variety of ways. One formulation is,

(ny —n_)/n4(0) = [(n4(0) + An) — (n_(0) — An)]/n.(0)
= 2An/n, (4-3)

, Where the, ny = n4.(0), is known. The factor of two is due to the two different species of
planckions involved. The number density of positive mass planckions momentarily increases in
region, AV, whereas the number density of negative mass planckions decreases in the same
region, over the nominal (unperturbed) value, ny = n,(0). Moreover, the increase in, n,, is
equal, in magnitude, to the decrease in, n_, as demonstrated in reference [18].

We use equation, (4 — 3), to simplify equation, (4 — 2), and obtain,
.640 GeV /fm3 = 3929 GeV = 2(An)? /n, (4—4)
Using the value of, ny = ny(0), specified in equation, (3 — 18b), we can solve this equation

for, An. The result is,
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An = 2.528 E48 m~3 (4-5)
Moreover, we can calculate the ratio,
An/ny = AN/N, = 3.221E -7 (4-06)

This small, but not insignificant fraction, tells us that only a tiny portion of the Higgs fields are
actually excited, or activated, within volume, AV

We next calculate the vacuum mass density, and the vacuum pressure. The former quantity we
identified with dark energy, in previous work [18]. See equations, (3 — 19), and, (3 — 20).
However, equations, (3 — 19), and, (3 — 20), apply only if we have 100% excited states within
the disturbed volume, AV. In this instance, we do not. If less than 100% of the Higgs fields are
excited within volume, AV, then we have to modify equations, (3 — 19), and, (3 — 20), as
follows,

Pgg = Pgg Modified = Pgg(AN/No) = myp,(ny —n_)(AN/No)
= myp (24n)(An/ng)
= [392.9 GeV /c?]2(An/ny)?(7.848 E54) (4 —7)
And,
Pgg = Pgg Modified = Pgg(AN/No) = mypc?(ny —n_)(AN/Np)
= myp,c*(24n) (An/ny)
= [392.9 GeV] 2(An/ny)?(7.848 E54)
= Ugg 4-8)

The ratio, (AN /N,), stands for that fraction of the Higgs fields, which are actually excited, as a
result of this collision. This is also equivalent to the number of planckion pairs, which are
affected (activated, or, excited) by the collision. Note that the modified pressure, pég, is also

the vacuum pressure, or, equivalently, the vacuum energy density, uég.

Equations, (4 — 7), and, (4 — 8), are consistent with equation, (4 — 2). This we show next.
The increase in vacuum potential energy for one Higgs, A(VPE1H), is given by the right hand
side of equation, (3 — 21), or equivalently, by the second term on the right hand side of
equation, (3 — 22). This can be written still another way utilizing equation, (4 — 8), as

A(VPE1H) = 392.9 GeV * (2An/n,)

= Ugg /Mo (4-9)
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This makes good sense because then, u,, = ng * A(VPE1H), for 100% excitations within

volume, AV. The, uyg, is the vacuum energy density given by equation, (3 — 20).

The change in vacuum potential energy for AN Higgs fields is equation, (4 — 9), multiplied by,
AN. Therefore,

A(VPEANH) = A(VPE1H) * AN = (ugy/no) * AN (4 —10)

In the case of a LHC pp collision, the left hand side equals, . 640 GeV /fm3 * AV. Since,
AN = An % AV, we can divide equation, (4 — 10), by AV, to obtain,

640 GeV/fm3 = (ug4/n0) * An
= Ugy * AN/Ny = ug, (4—-11)

We notice that the right hand side introduces the reduced vacuum energy density, equation,
(4 — 8). The reduced energy density, uég, is simply the 100% energy density, u,4, multiplied
by, AN/N,. Equations, (4 — 7), and, (4 — 8), are thus consistent with equation, (4 — 9).

We know the value for, AN /N,, as it is specified by equation, (4 — 6). Therefore we can find
numerical values for the vacuum mass density, pég, and the vacuum pressure, pég, = u;g.
Using equations, (4 — 7), and, (4 — 8), we find that,

Pég = 1.139 E18 kg/m3 = .640/c? GeV /fm?3 (4-12)
And,
Pgg = Ugg = 1.024 E35 J/m3? = .640 GeV /fm3 (4 —13)

These values come as no surprise, as they reinforce our original assumption. They also hold
only within the excited volume, AV, and, moreover, they represent dark energy, according to
previous work [16,18].

We next want to find, AV, the impacted volume. To determine, AV, we first need the total
number of collisions per second. According to the CERN documents, there are about 10° pp
collisions per second, at the 6.5 TeV energy level [36]. And so, per second, we have an energy
release of, 13 E9 TeV. This energy is either given up in the production of new particles, or
transmitted to the vacuum. Let’s assume that all gets dissipated first within the vacuum, and
from there, the production of elementary particles can occur. Then we can set, using
equations, (4 —9), and, (4 — 10),

13 E9TeV = [392.9 GeV * 2An/ny] * AN (4-14)
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The, AN, here refers to the number of excited Higgs fields being produced per second. Using
the result of equation, (4 — 6), we can solve this equation for, AN. The solution is,

AN = 5.135 E16 (excited Higgs produced /second) (4—-15)

We can evaluate, AV, by the relation, AV = AN /An. From equations, (4 —5), and (4 — 15),
we find that,

AV =2.031E — 32 m?3 (4 — 16)

This is equivalent to a ball of radius, 1.693 E — 11 meters, being produced each and every
second. The state of matter in that ball is, of course, in a state of a quark-gluon plasma.
Alternatively, we could just as well have taken the total amount of energy being produced per
second, which is, 13 E9 TeV/, and divide that by . 640 GeV/fm3, to obtain the same result.

We next want to calculate planckion displacements. For that, we will need some additional
relations. From previous work [18], we have derived the equations,

ne(x) = ny(0) ee/@meLc)
=n4(0) e® 4-17)

In equation, (4 — 17), the variable, y, is defined as, y = %sz/(mchz). It is the ratio of

planckion elastic potential energy, to planckion rest mass energy. To be correct, we will replace
the, mp;c?, above, by the modified Planck rest mass energy, indicated by equation, (3 — 38a).
We modeled planckion displacements as a harmonic oscillator with spring constant, k = Kk, =
K_. When a positive mass, or a negative mass, planckion, is displaced a distance, x , from
equilibrium, x = 0, there are elastic restoring forces working to bring the planckion back to
equilibrium position. The spring constant, k, is assumed to be the same for both the positive,
and the negative mass, planckion. The fluid forces of Winterberg are ultimately responsible for
these restoring forces. We have to be careful with the, mp,c?, term; as, mentioned, it has to
be replaced with the modified version, mp,c?, equation, (3 — 38a), which we will do
henceforth.

Another important note is the following. Many individual Higgs fields, or equivalently, positive
and negative mass, planckion pairs are excited. The, x?, above, is some sort of root mean
square average, i.e., x> =< x? >= x%,, = Y&V, (x?/AN), where the individual positive and
negative planckion displacements are given by, x; # 0. The individual displacements, x; ,

follows some sort of distribution, {x;}, because it cannot be assumed that all displacements are
the same. Obviously then, the individual, y; = Eicxiz/(mMPl c?), also follow a distribution, {y;}.

And, y =Y y;/AN . The, AN, as always, equals the number of excited Higgs fields, equivalent
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in our model, to the number of excited positive and negative mass, planckion pairs, within, AV.
We strongly suspect that the distribution that, {y;}, follows, is actually that of a Planck black
body photon distribution function, based on previous work. We cannot go into the details,
here, as this would take us too far afield. The individual energy ratios, y; # 0, leads to an
increase in vacuum potential energy. We will call the, y = ), y; /AN # 0, the vacuum
activation function.

We can substitute equation, (4 — 17), into equation, (4 — 3). Doing this, we find that,
Y =2An/n,
=(e¥—e™)
= 2 sinh(y) (4 —18)

The mathematical identity, 2 sinh(y) = (e —e™), has been employed to obtain the third
line in equation, (4 — 18). Wecancall, Y = 2 An/n,, the vacuum activation factor. The, Y,
can be positive, negative, or zero. If, Y > 0, thenn, > n_, and we have dark energy, where
there is net positive vacuum pressure. If, Y < 0, thenn, < n_, and we have the opposite of
dark energy, or what we refer to as “light energy”. Here we have net negative vacuum
pressure, or equivalently, net negative vacuum energy density. See the discussion following
equation, (3 — 22). And if, Y = 0, then, n, = n_, and we have neither dark energy, nor light
energy. The vacuum is unperturbed, and not stressed in either the positive or negative sense.
Here, n, = n_ = ny(0) = ny. This would be analogous to having a calm ocean, with
essentially no waves or ripples upon its surface. For small values of, y, where, y << 1, the
function, sinh(y), can be approximated by, y. In this instance, equation, (4 — 18), tells us
that, Y = 2y. Otherwise, Y = 2 sinh(y).

We have seen that for a 13 TeV pp collision, equation, (4 — 6), holds. Therefore, equations,
(4 — 18), with (4 — 6), tells us that,

y = sz/(mMpL CZ) = An/no (4 - 19)

N |-

, Where, the displacement, x, is some sort of root mean square average, X = X;ys =

V& x?/AN). Note that An/n, is very small, and therefore, we have set, sinh(y) = y. We
have estimated the planckion spring constant, k, in previous work [18], and found that it
equals, k = 1.194 E30 Newtons/meter. We also believe that, myp.c? = 392.9 GeV, by
recent arguments. And finally, An/n,, is worked out in equation, (4 — 6). All these values
allow us to calculate the, x = x,,,5, in equation, (4 — 19). Using equation, (4 — 19), we
estimate that,

20



X = Xpms = 1.842 E — 22 meters (4 —20)

This is a small fraction of the nearest neighbor distance of separation between either the
positive mass, or, the negative mass, planckions, within the super-lattice in the undisturbed
state. According to equation, (3 — 18a), that distance was estimated to equal, [, (0) =
[_(0) = 5.032 E — 19 meters.

Again, in reality, a whole spectrum of individual displacements, {x;}, are possible for the
individual, ¥ , pairs, up to and even approaching the 13 TeV collision energy. However, the
average root mean square displacement, x,.,s, is much, much less than that calculated if we
had a single, 13 TeV exchange, as many, many planckion pairs are necessarily involved in
displacements. The exact numberis, AN = 5.135 E'16 per second, as indicated by equation,
(4 —15).

We now wish to make a few important remarks. First, the 6.5 — 6.5 TeV proton —
antiproton collision produces a positive energy density in the amount of, . 640 GeV /fm3.

This will attract the positive mass planckions towards, and repel the negative mass planckions
away from, the point of impact, X, as shown in reference [18]. The vacuum fluid thus acquires
dark energy in the amount given above, at, and immediately surrounding, point X. In this
region, which we can call region, 4, we have, n, > n_, and, 2An > 0. The positive mass
planckions, which are drawn in, and the negative mass planckions, which are pushed out, must
produce in the neighboring region, region, B, a negative vacuum pressure hole. Inthe
surrounding region, B, we must therefore have, n, < n_, and, 2An < 0, forming a negative
vacuum energy halo centered around the point of impact. The energy produced by the collision
will quickly dissipate through the production of elementary particles, or through the vacuum
wave propagating outwards. In other words, the vacuum will quickly reestablish itself to
normal conditions where, n, = n_, and, 2An = 0, in all regions. This, we believe, happens
almost instantaneously, within about, 10™22seconds. It is within this time frame that the Higgs
boson is thought to appear, when the vacuum reasserts itself, and falls back into its equilibrium
position. This is the picture we imagine. The positive and negative, three-dimensional, vacuum
energy density wavelet, produced by the collision quickly dissipates, and flattens out the
vacuum to normal equilibrium conditions within short order.

Second, in the case of a LHC collision, extreme dark energy in region, A4, and extreme light
energy in region, B, is produced by the collision. As mentioned, this quickly dissipates. See
equation, (4 — 13), which holds for region, A. In region, B, we expect negative this amount
within the vacuum. In region, B, we have extreme net negative vacuum pressure.

Third, in a previous paper [18], we conjectured that the vacuum has a maximum resilience of
about, 1 E34 J/m3. If the vacuum energy density exceeds this amount, then space itself may
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suffer “gravitic breakdown”, the gravitational version of dielectric breakdown. There is now
non-localized conduction of planckion currents, and space loses its lattice superstructure. We
consider this next. Interestingly, for a 13 Tel/ pp collision, an energy density in the amount,
.640 GeV /fm3 = 1.024 E35 J/m3, is being produced, and this pushes us beyond this limit.
We will interpret this as a subset of the excited Higgs fields breaking their, Y., with _, bond.

Let, AN (), refer to the number of excited Higgs fields, whose bonds remain intact, and let,
AN, designate those excited Higgs fields where the 1, with {_, bond has been broken,
within volume, AV. Then,

AN = AN©® + AND (4 —21a)
, or, what is equivalent,
An = An© + An@® (4 —21b)

It is specifically the, AN®, or alternatively, the, An®, which experience gravitic breakdown.
From equation, (3 — 23), we know that,

2y = 2An/ny > —.319 - i, binding intact —» An©® - ANO® (4 — 22a)
2y = 2An/ny < =319 - , binding broken - An® - AN®D (4 — 22b)

If condition, (4 — 22a), is satisfied, then there is sufficient vacuum pressure such that the Higgs
field has an effective mass greater than zero. In other words, there is effective binding. But if
condition, (4 — 22b), holds, then there is sufficient net negative vacuum pressure, in region, B,
such that the Higgs field disintegrates, i.e., we have an effective mass less than zero. In other
words, the ¥, wave function dissociates itself from the i)_wave function, spatially. If any
dissociation occurs, it is conjectured that the vacuum will reestablish itself very quickly, within
the lifetime of the Higgs boson, about 10~2? seconds.

As mentioned previously, we believe that the collection of individual vacuum activation
variables, {y;}, may actually follow a Planck blackbody distribution function. When we have a
severe proton-antiproton collision, the individual, y; = %Kxiz/(mMpl c?) = g}cxl-z/(392.9 GeV),
will split into two camps. Some of the y; will follow condition, (4 — 22a), and the rest will
satisfy condition, (4 — 22b). We can call the former, the subset, {yi(o)}, and the latter, the
subset, {yi(l)}. Taken together they form, {yi(o)} + {y.(l)} = {y;}. Again, it would take us

beyond the scope of this paper to investigate this more thoroughly. Researching this has to be
left for future work. However, to summarize, the LHC 13 TeV pp collision may actually create
sufficient net negative vacuum pressure, or, sufficient net negative vacuum energy density in
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region, B, which in turn, causes a partial and temporary disintegration of the vacuum itself. In
other words, the Higgs bond may be broken for a subset of the excited Higgs fields.

v Summary and Conclusions

We have proposed an intimate connection between the Higgs field, ¢, and the ¥, with _
planckion wave functions, of Winterberg. Our working ansatz is that the potential energy of the
the, Y, field, added to that of the, 1_ field, equals the potential energy of the Higgs field. See
equation, (3 — 14), or more specifically, equation, (3 — 15). We showed that this
identification does not violate the non-relativistic field equations for, Y, ,3_, and ¢. See
equations, (3 — 26), (3 — 27), and what follows thereafter. In fact, the separate field
equations almost lead to just such an identification, given the order of magnitude estimates of
the two terms on the right hand side of equation, (3 — 22). Also, the continuity equations are
satisfied for all the fields concerned, as shown by equations, (3 — 35), and (3 — 36). The
connecting length scale, equation, (3 — 29), establishes the link between the Higgs field of
elementary particle physics, and the super-lattice substructure of space. Our ansatz is thus
consistent with the field equations for all the fields involved, ¢, ¥, and Y _, as well as with
their respective continuity equations.

The Higgs particle is treated as a composite particle. Thus, it is a phenomenological construct,
and one that can be shown to display SO(3)~SU(2) invariance. Following Winterberg, Lorentz
invariance, or SO(1,3) symmetry is a dynamical, and not fundamental symmetry of nature. In
the Winterberg model, the special theory of relativity, together with its generalization, the
general theory of relativity, and quantum mechanics are two, separate, asymptotic limits of a
more underlying theory, the planckion model. Because they are two separate branches, they
can never be unified directly, but rather indirectly, through SO(3) symmetry, the symmetry of
space and the vacuum.

Equations, (3 — 15), or, equivalently, equation, (3 — 16), is our fundamental relation, where
an inherent length scale, {1 (0) = 5.032 E — 19 meters, is built in. This is the distance of
separation between nearest neighbor positive mass, or nearest neighbor negative mass,
planckion wave functions. We can treat this as a kind of coupling constant but one with
inherent dimension. This follows as a non-relativistic version of Heisenberg’s non-linear spinor
theory. See equation, (3 —5). Some other equivalent formulations of our key equation
connecting the Higgs field, ¢, to the ¥, and y_wave functions are equations, (3 — 21), (3 —
22),(3 —24),and, (3 — 26).
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An interesting consequence of introducing a fundamental length scale for space, is that the
Planck mass, the Planck energy, the Planck temperature, etc. all assume new values. We called
these values, the modified Planck values. Given the nearest neighbor distance of separation for
an undisturbed vacuum, we estimated the new values are those given in equations, (3 — 37),
and, (3 — 38). The Planck scale is that scale where presumably, quantum mechanics, and
gravity merge. So too is the case with the modified Planck scale. However, the modified value
is much, much less, energy-wise, than the traditionally accepted Planck energy, Ep;, =

1.222 E19 GeV. We now have a modified value, Eyp;, = 392.9 GeV, which is very close to the
electroweak symmetry breaking scale of, 174 Gel/. We even forwarded the notion that no new
elementary particles can form above a temperature of roughly, Ty p;, = EyprL/kp =

4.555 E15 Kelvin. See equation, (3 — 38). Within the Winterberg model, for the formation
of elementary particles, stable vortices have to be set up within the vacuum. This is not
possible above this cutoff energy level, Eyp;, = 392.9 GeV. See the discussion following
equation, (3 — 38).

In section IV, we looked at a direct application of our fundamental equation, relating the Higgs
field to a composite 1 planckion pair. We considered what might take place ina

13 TeV proton — antiproton collision, such as is found in LHC experiments. Given a
produced energy density of, . 640 GeV /fm3 , per collision, we calculated that the fraction of
excited Higgs produced is, AN/N, = 3.221 E — 7, where, N,, is the total number of Higgs
within the impacted volume, AV. See equation, (4 — 6). The vacuum is stressed with a mass
density, and pressure given by equations, (4 — 7), and (4 — 8), respectively. When numerical
values are substituted, we obtain equations, (4 — 12), and, (4 — 13). Furthermore, if we
assume that a billion collisions occur each and every second, a quark-gluon ball of radius, r =
1.693 E — 11 meters, forms having a volume given by equation, (4 — 16). Within that
volume, the number of excited Higgs particles produced per second amounts to, AN =

5.135 E16, which is equation, (4 — 15). This is a small subset of the total number. The
number of activated, or, excited Higgs fields corresponds to the number of positive and
negative mass planckion pairs, which are physically displaced from equilibrium. The root mean
square planckion displacement for both the positive mass, and the negative mass, planckion is
estimated to equal, x = x4 = 1.842 E — 22 meters. See equation, (4 — 20). In actual fact,
the planckion elastic potential energy follows a distribution, where we have a spectrum of
displacements from equilibrium. The above displacement from the unperturbed vacuum is an
average value.

It was conjectured that if extreme negative vacuum pressure exists, then the Higgs field could
disintegrate. In other words, the, ¥, no longer binds to the, i_. For that to happen, condition,
(3 — 23), or equivalently, condition, (4 — 22b), has to be satisfied. For such instances where
we have extreme net negative vacuum pressure, the Higgs loses its ability to maintain a mass,
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and hence, no spatial binding between the, ., and the, 1_ , is feasible. It is thought that such
conditions can actually occur in the vicinity surrounding a 13 TeV collision, in region, B, causing
a temporary and highly localized subset of the excited Higgs fields to disintegrate. See the
discussion surrounding equations, (4 — 21a, b) and, (4 — 22a, b). The Higgs boson is thought
to occur when the vacuum reestablishes itself, within a time frame of approximately,
107%2seconds. Any imbalance in positive and negative mass planckion number densities
quickly rectifies itself. We conclude that a 13 TeV pp collision may be strong enough to cause a
subset of the excited Higgs particles to momentarily lose their binding energy.

This paper is highly speculative, and much work remains to be done to prove our contention
that a fundamental relationship exists between the Higgs particle, and the planckion, 1 , with
Y_ , wave functions. Higher accelerator energies would obviously lead to more excited Higgs
fields, more partial Higgs field disintegrations within the vacuum, and a greater number of Higgs
bosons being produced. Considering various energy level collisions might enable us to select
the proper distribution function for, {y;}. The standard model of particle physics could be
looked at from the perspective of replacing the Higgs particle with a positive, and a negative
mass, planckion wave function. What, if anything, would change? How would the Yukawa
coupling between the, Y pair, and the fermionic matter fields play out? We could also look at
replacing the L™ canonical Higgs field, with a L™3/2 Higgs version, to make a connection with
the Landau-Ginzburg theory in condensed matter physics. What would that imply? How would
things change continuity equation wise? Finally, we might consider what happens when an
elementary particle such as an electron passes through the vacuum? How would the vacuum
respond, and how specifically, is the mass for that particle created through its vortex structure.
Can we establish a pattern between the different generations of elementary fermionic matter
fields? These and other further questions will have to be addressed in future work.

Acknowledgement:

References:

[1] ATLAS collaboration (2018). "Observation of H->bbdecays and VH production with the ATLAS
detector". Physics Letters B. 786: 59—86. arXiv:1808.08238. doi:10.1016/j.physletb.2018.09.013.

[2] CMS collaboration (2018). "Observation of Higgs Boson Decay to Bottom Quarks". Physical
Review Letters. 121 (12): 121801.

25



arXiv:1808.08242. Bibcode:2018PhRvL.12111801S. doi:10.1103/PhysRevlett.121.121801. PMID
30296133. S2CID 118901756.

[3] Irving, Michael, (2019), CERN Precisely Measures the Mass of the Higgs Boson, New
Atlas.com, October 27,2019, https://newatlas.com/physics/higgs-boson-mass-measured/

[4] Cao C., Carroll, S.M. (2018), Bulk Entanglement Gravity without a Boundary: Towards Finding
Einstein's Equation in Hilbert Space, Phys. Rev. D 97, 086003 arXiv:1712.02803 [pdf, other]

[5] Cao C., Carroll S. M., Michalakis S (2017), Space from Hilbert Space: Recovering Geometry
from Bulk Entanglement, Phys. Rev. D 95, 024031, arXiv:1606.08444 [pdf, other]

[6] N. Bao, S.M. Carroll, and A. Singh, (2017), The Hilbert Space of Quantum Gravity is Locally
Finite-Dimensional, International Journal of Modern Physics D, Vol. 26, No. 12, 1743013
arXiv:1704.00066

[7] Remmen, G. N.(2017), Defining Gravity: Effective Field Theory, Entanglement, and
Cosmology, Thesis: PhD, Caltech (defense: May 17, 2017) 386 pages, DOI: 10.7907/Z90R9MD1
Supervisors: Clifford W. Cheung, Sean M. Carroll. See also,
http://web.stanford.edu/~oas/SI/QM/papers/SpaceFromQMCarroll.pdf

[8] M. Van Raamsdonk, (2010), Building Up Spacetime with Quantum Entanglement, Int. J. Mod.
Phys. D 19 (2010) 2429-2435, e-Print: 1005.3035, DOI: 10.1142/S0218271810018529

[9] Winterberg, F. (2003) Planck Mass Plasma Vacuum Conjecture, Z. Naturforsch. 58a, 231
(2003).

[10] Winterberg, F. (2002) Planck Mass Rotons as Cold Dark Matter and Quintessence Z.
Naturforsch. 57a, 202—204 (2002); received January 3, 2002

[11] Winterberg, F. (1995) Derivation of Quantum Mechanics from the Boltzmann Equation for
the Planck Aether, International Journal of Theoretical Physics, Vol. 34, p. 2145 (1995).

[12] Winterberg, F. (1998) - The Planck Aether Model for a Unified Theory of Elementary
Particles, International Journal of Theoretical Physics 33, 1275 (1994).

[13] Winterberg, F. (1993) - Physical Continuum and the Problem of a Finitistic Quantum Field
Theory", International Journal of Theoretical Physics 32, 261(1993).

[14] Winterberg, F. (1992) - Cosmological Implications of the Planck Aether Model for a Unified
Field Theory, Z.f. Naturforsch.-Physical Sciences. 47a, 1217 (1992).

26



[15] Winterberg, F. (2002) The Planck Aether Hypothesis, monograph published by the C.F.
Gauss Academy of Science Press. Reno, Nevada 2002. (Copies of this work can be purchased
from the C.F. Gauss Academy of Science Press, P.O. Box 18265, Reno, Nevada 89511; Price
$20.00 plus shipping).

[16] Pilot, C, (2021), Does Space Have a Gravitational Susceptibility? A Model for the Density
Parameters in the Friedmann Equation, Journal of High Energy Physics, Gravitation, and
Cosmology (JHEPGC), Vol 7, No. 2, 478-507, Apr. 2021
https://www.researchgate.net/publication/342993272 Does Space Have a Gravitational Su
sceptibility A Model for the Density Parameters in the Friedmann Equation, July 2020,
DOI: 10.13140/RG.2.2.16033.02407

[17] Pilot, C, (2021), Scaling Behavior for the Susceptibility of the Vacuum, International Journal
of Astronomy and Astrophysics (IJAA), Vol 11, No. 1, 11-36, March, 2021.
https://www.researchgate.net/publication/342993277 Scaling Behavior for the Susceptibilit
y of the Vacuum in a Polarization Model for the Cosmos, July 2020,

DOI: 10.13140/RG.2.2.36165.68326

[18] Pilot, C, (2021), Q-Theory; A Connection between Newton’s Law ad Coulomb’s Law?,
Journal of High Energy physics, Gravitation and Cosmology (JHEPGC). Vol 7, No 2, 632-660,
April, 2021

https://www.researchgate.net/publication/342993436 Theory A Connection between Newt
on's Law _and Coulomb's Law , July 2020, DOI: 10.13140/RG.2.2.12258.15048

[19] Heisenberg, W. (1938), “Uber die in der Theorie der Elementarteilchen auftretende
universelle Linge/ A Universal Length in the Theory of Elementary Particles”, Ann. Phys.
(Leipzig), 32, 20-33. [DOI].

[20] Heisenberg, W. (1984), “Bericht uber die allgemeinen Eigenschaften der Elementarteilchen
/ Report on the General Properties of Elementary Particles”, in Blum, W., Dirr, H.-P. and
Rechenberg, H., eds., Werner Heisenberg: Gesammelte Werke. Collected Works, Series B, pp.
346-358, (Springer, Berlin; New York, 1984).

[21] W. Heisenberg (1953), Nachr. Akad. Wiss. Gottingen lla, 111 Google Scholar

[22] W. Heisenberg (1954), Zs. f. Naturforschg. 9a, 292 MathSciNetADSzbMATHGoogle
Scholar

[23] W. Heisenberg, W. Pauli (1958), preprint (unpublished) Google Scholar

[24] H. P. Dlrr, W. Heisenberg, H. Mitter, S. Schlieder, K. Yamazaki (1959), Zs. f.
Naturforschg. 14a, 441 ADSzbMATHGoogle Scholar

[25] H. P. Dlrr (1961), Zs. f. Naturforschg. 16a, 327 ADSzbMATHGoogle Scholar

27



[26] H. Mitter (1964), Nuovo Cim. 32, 1789 MathSciNetCrossRefGoogle Scholar

[27] H. P. Diirr (1966), On the Nonlinear Spinor Theory of Elementary Particles, Conference
paper, Part of the Acta Physica Austriaca book series (FEWBODY, volume 3/1966)

[28] Helge Kragh (1995) , Arthur March, Werner Heisenberg, and the search for a smallest
length/Arthur March, Werner Heisenberg, et la notion de longueur minimale

[article], Revue d'histoire des sciences Année 1995 48-4 pp. 401-434, DOI

: https://doi.org/10.3406/rhs.1995.1239, www.persee.fr/doc/rhs 0151-

4105 1995 num 48 4 1239

[29] Sabine Hossenfelder (2013), Minimal Length Scale Scenarios for Quantum Gravity, Living
Rev. Relativity, 16, 2 http://www.livingreviews.org/Irr-2013-2 doi:10.12942/Irr-2013-2,
arXiv:1203.6191

[30] Kolb, E.W. and Turner, M.S. (1989), The Early Universe. Addison-Wesley, Reading.

[31] Baumann, D.D. (2015), Lecture Notes on Cosmology.
http://theory.uchicago.edu/~liantaow/my-teaching/dark-matter-472/lectures.pdf

[32] Mather, J.C., et al . (1999), Calibrator Design for the COBE Far-Infrared Absolute
Spectrophotometer (FIRAS). The Astrophysical Journal , 512, 511-520.
https://doi.org/10.1086/306805

[33] Husdal, L. (2016) On Effective Degrees of Freedom in the Early Universe. Galaxies,
4, 78. https://doi.org/10.3390/galaxies4040078

[34] CMS collaboration (2019), Measurement of the Energy Density as a Function of
Pseudorapidity in Proton—Proton Collisions at Vs = 13 TeV, CMS Collaboration* CERN, 1211
Geneva 23, Switzerland/ Published online: 7 May 2019 © CERN for the benefit of the CMS
collaboration 2019, Eur. Phys. J. C (2019) 79:391, https://doi.org/10.1140/epjc/s10052-019-
6861-x

[35] Maté Csanad, Tamas Csorgd, Ze-Fang Jiang, Chun-Bin Yang (2017), Initial Energy Density of
Vs =7 and 8 TeV p—p Collisions at the LHC, Universe, 3(1), 9
https://doi.org/10.3390/universe3010009

[36] See, e.g., LHC Facts (CERN Homepage), https://home.cern/resources/faqs/facts-and-
figures-about-lhc

28



