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Abstract:

A simple model is investigated according to which the deformation of the vacuum corresponding to the lo-
calization of a particle is described by particular solutions of an appropriately rescaled Wheeler - De Witt
(WdW) equation. The role of the usual gravitational constant is in fact played by a different constant, defined
by a suitable geometric representation of the Higgs mechanism. The particle is then described in terms of a
micro-universe of size ~10*® cm, without contradiction with the point-like nature of the charges. Different
definitions of the temporal variable give rise to different solutions which, suitably connected, lead to a tem-
poral evolution of the particle that is wider than that normally contemplated. For example, it is possible to
dynamically describe quantum jumps and obtain a decoherence mechanism compatible with the phenomenon
of flavor mixing. Some cosmological consequences and the possibilities of experimental verification are
briefly discussed.
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1. Introduction

There is a general consensus that the Standard Model (SM) provides a sufficient reference for the accurate
description of the dynamics of elementary particles and their interactions. However, the high number of free
parameters of the model, the mystery of the multiplication of fundamental fermions (quarks and leptons) in
three families and other factors easily convince that a lot of work must be done to gain an adequate under-
standing of the deep physical reasons justifying such a theoretical construction. In particular, the basic states of
the model (quarks and leptons) are assumed by experience and there is not any their derivation from first
principles, accepted in a shared way by the community. There is therefore room for the research of a mathe-
matical modeling of elementary fermions (and hadrons) that can integrate the Lagrangian of the Standard
Model and illuminate at least some aspects of its physics.

In this article we propose a description of these physical entities in terms of a Wheeler - De Witt (WdW)
equation. Normally this formalism, which integrates General Relativity and Quantum Field Theory, is used in
the context of quantum cosmology. We propose an adaptation to the problem of elementary particles. In a
certain sense, our path is the opposite of the one that led to the use of quantum wave equations in the study of
dark matter at the galactic level [1-4] or in the modeling of the cosmological evolution tout court [5,6].



Our line of reasoning starts from the observation that an elementary particle is always a charge-carrying entity:
gravitational charge, weak charge and possibly electric charge and/or strong charge. The spacetime localiza-
tion of a particle is in fact the localization of the charges it carries. From the high-energy scattering experi-
ments we know that the charge centers of elementary fermions are, at least with a very good approximation,
point-like.
We postulate a direct relationship between charges and geometry, assuming that the localization of a charge +q
at a point O of spacetime corresponds to the creation of a five-dimensional single-sheet hyperboloid (de Sitter
space), tangent to spacetime in O. The energy cost (incurred by the field to which the charge is coupled) for the
creation of this de Sitter space is given by the ratio of the square of the charge and the radius of the hyperboloid
(de Sitter radius). On the other hand, the mass of the particle is determined, according to the SM, by the cou-
pling constant to certain scalar fields: in the case of elementary fermions, the Higgs field. In this approach,
therefore, the coupling with these fields has the geometric meaning of sizing the de Sitter radius of the particle,
obtained starting from a universal radius of curvature connected to the scalar fields.
The de Sitter space associated with the particle is a quantum micro-universe, and it is for this reason that we
choose to describe it by means of a WdW equation. However, in this equation the gravitational constant must
be scaled with respect to the conventional one. In fact, it does not describe, in this context, the intensity of the
gravitational force; instead, it fixes the negative pressure exerted by the scalar fields which opposes the col-
lapse of the de Sitter space. It is the presence of this pressure that determines a finite value of the de Sitter
radius, that is, a finite value of the mass of the particle.
The elementary particles must then be solutions of the “rescaled” WdW equation. As we will show, the Lo-
rentzian solutions are the ordinary de Broglie harmonic phase factors which, after Lorentz transformation and
superposition, provide the wave function of the particle, which satisfies the ordinary wave equation. These
solutions correspond to a definite value of the de Sitter radius, that is to a definite mass of the particle, in ac-
cordance with the usual dispersion law.
Euclidean solutions, which have no equivalent in SM, describe the collapse of the de Sitter space of the particle
(instantaneous disappearance of charges, decoupling from scalar fields) or its creation (instantaneous ap-
pearance of charges, coupling with scalar fields). Since the charges of various types are generally conserved,
these solutions must always be combined in order to guarantee such conservation. Suitable combinations of
Euclidean solutions can be used to dynamically describe quantum jumps, without the need to introduce any
modification of the standard wave equations. A dynamic mechanism of decoherence on a microscopic scale is
then provided (with selection of the outgoing states), directly correlated to the single elementary interactions
between particles. This mechanism conforms to the current theory and to the projection postulate.
The independence of this mechanism from statistical average processes on "environmental” degrees of free-
dom makes it applicable even in highly symmetrical situations where such processes are ineffective. We will
discuss this aspect by taking, as a particular example, that of the nucleation of the inhomogeneities of the
density of matter at the end of the inflationary era. However, the argument is more general and the illustrated
mechanism could provide a simple key to explain the emergence of classicality.
The ordering of the various Sections is different from that followed in this Introduction to illustrate the topics.
In Section 2 the essential ideas underlying the third quantization and the WdW equation are briefly recalled,
and the formal analogies between particles and “universes” are underlined. The approach is illustrated in
Section 3. In particular, in Section 3.1 the elementary solutions are obtained; Section 3.2 illustrates the various
interpretations of these solutions as a function of the choice of the time variable (a reflection of the well-known
“time problem” involved in the WdW equation); Section 3.3 describes the combinations of solutions associ-
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ated with quantum jumps. The size of the de Sitter space of the particle is discussed in Section 3.4, while
Section 3.5 describes the connections with the Higgs mechanism.

Section 4 illustrates the connections with several open problems. Section 4.1 illustrates a possible link, cur-
rently unexplored, with the mixing of quarkic and leptonic flavors; the possibility of experimental verifications
of the proposed model by means of measurements of decoherence rapidity is also underlined. Section 4.2 is
dedicated to the example of post-inflationary nucleation and it is emphasized that only decoherence mecha-
nisms such as the one described here are able to solve the problem of origination of the seeds of the structures.
Finally, Section 4.3 illustrates the connections with the Planck scale and the Bekenstein relation, and the
possible ramifications with the cosmological constant. A last section dedicated to conclusions closes the arti-
cle.

2. Third quantization

The third quantization formalism is a quantum field theory applied to a system of many universes in a su-
perspace. We speak of "third quantization" because what is quantized is the wave function of the universe, and
this in turn depends on the material fields within that universe, which have already been subjected to the
second quantization. The starting point is the Wheeler-De Witt equation. One of the variables on which the
wave function, solution of the equation, depends is assumed as a time variable and on this basis the same
procedure used in the second quantization is applied. This approach is applied to quantum cosmology prob-
lems related to the tunneling of universes and the nucleation and reabsorption of baby universes within a parent
universe. We will not describe it here in general terms, referring the reader to the relevant bibliography [7,8,9];
instead we will try to summarize the main ideas by taking as an example a particular case close to our topic.
We therefore consider a Friedmann-Robertson-Lemaitre-Walker space with closed spatial sections, filled with
a homogeneous and isotropic fluid whose pressure is p and whose density is 7, these quantities being con-
nected by the equation of state p = wz (we use here units ¢ = 1). In addition is assumed the presence of a
massless scalar field & The relevant Wheeler-De Witt equation can be written in the form [10]:
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where a is the scale factor and ay is an integration constant dependent on the energy density on a defined
hyper-surface 2. The parameter q = 3(1 - w)/2 defines the matter scheme: radiation for w = 1/3, dust forw =0
and pure cosmological constant for w = -1. Assuming the latter case, we have g = 3 and ax? = A. Therefore, the
Eqg. (1) becomes:
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At this point the wave function %' is promoted to operator [7], and the possibility of its decomposition in
normal modes is admitted:
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The amplitudes Ak then satisfy the equation of the damped harmonic oscillator:
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where:
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The creation and annihilation operators of mode k of the universe are expressed by:
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where axy is the value derived from (5) on 2. It should be noted that the values of ax(a) given by (5) can be as
well as real than complex. The transition from the real to the complex domain represents the transition from the
Lorentzian to the Euclidean region of the universe. For example, in the case k = 0 one has a de Sitter space for
a> A2 while for a < A2 one has a de Sitter instanton collapsing on Euclidean time.

An essential point is that having defined the creation and annihilation operators, it is possible to connect a state
of the universe to the void in the same way that, in second quantization, a state of the field is connected to the
vacuum [7]:

Pa)) = T [ere i |0), (7
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Here we use the term "void", typical of the third quantization formalism, to distinguish this condition of ab-
sence of universes from the more familiar "vacuum" of quantized fields spread over a space whose persistence
is guaranteed [7].

An expression such as (7) can describe, for example, the creation of pairs of universes or their annihilation, the
merging of universes or the stemming of universes from parent universes and other processes quite similar to
those known in elementary particle physics [7]. However, while these concepts are usually applied to the study
of quantum cosmology and therefore to situations in which, roughly speaking, the universe is "small" and
behaves like a particle, we ask ourselves instead whether, on the contrary, particles can not be described as
micro-universes. In fact, it seems to us that this language is adequate for a non-singular description of the
particles and their interactions.

3. Particles as micro-universes



3.1 Micro-cosmology

We now come to articulate the main ideas of our proposal of application of the third quantization to the study
of elementary particles. A premise seems necessary to avoid possible misunderstandings. When we talk about
cosmology in a non-quantum context, we usually take General Relativity as the reference theory. It is known
that General Relativity is a theory of gravitation, even if in fact it should be said that it is a theory of gravitation
and inertia (the two aspects are locally indistinguishable by virtue of the Principle of Equivalence, which
constitutes the basis of theory). However, Einstein's equations are not just the gravity-inertia equations; they
are the canonical equations that describe any conceivable coupling between matter-energy and spatial curva-
ture that satisfies the general covariance criteria. They can therefore be used in a more general context, taking
care to replace the gravitational constant appearing in them with a coupling constant pertinent to the case under
investigation [11,12]. It is in this more general sense that we use them here to describe the particle mi-
cro-universes which, of course, are not governed by gravitation; what we instead propose in the following
Section 3.5 is, accordingly to the Standard Model, a connection between the inertia of the particle (its proper
mass) and a curvature associated with suitable scalar fields (Higgs).

Since we are dealing here with particles and therefore we are within the quantum realm, we actually consider
the quantum version of Einstein's cosmological equations, namely the Wheeler-De Witt equation. This equa-
tion can be written in many forms. We start from the version proposed by Kiefer and collaborators [13], re-
lating to a Friedmann universe with scale factor a and cosmological constant A, containing matter in the form
of a scalar field & with potential V(&):

— = +e¥ [V(g) + 0—/’2] - 3" J—’(z} P(s,&) =0 (8)

In Eq. (8) is ¢ = In(a/ap), where ag is the reference scale factor and xis the curvature index of the spatial section
of the universe: x = -1 for a hyperbolic section, 0 for a flat section and 1 for a closed space. The symbol ¥
denotes the wave function of the universe, which expresses its amplitude of probability as a function of internal
variables g, & ois the coupling constant, which in the original theory is related to the Newtonian constant of
gravitation G by the relation o® = 82G. As we said, our case is different and for it we have [14]:
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where M is the rest mass of the particle to which the micro-universe is associated and is k = 1 for hadrons, k =
« (fine structure constant) for charged leptons. For reasons that will be detailed later, we are interested in flat
solutions (x = 0) for which the term in round brackets in Eg. (8) is null. With these positions the Eqg. (8) be-
comes:

[_T__] ¥(e,&) =0 (10)



In many quantum gravity applications it is customary to choose the units of measurement so that o> = 6. We
prefer first to multiply the Eq. (10) by 6/5°, then incorporate a factor o/6Y2 in & With this choice & can be
interpreted as a radius of curvature, consistent with what will be proposed in Section 3.5. In any case, a
D'Alembert equation is obtained:
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The Wheeler-De Witt equation does not contain time. This fact constitutes the origin of the well-known
"problem of time" [13,15], which we do not delve into here. But what if the quantity &, which appears in Eq.
(11) as a delocalized quantum variable, is taken as a time label? In this case it becomes an external parameter
which, being dimensionless, can be written in the form ¢= o 6, where the variable rand the constant dare time
intervals. The scale factor then takes the form a = agexp(# ). This is in fact the expression of the scale distance
in a de Sitter space with cosmic time r and a cosmological constant A = 3/¢?, solution of the Friedmann
equation:

O

in which the point denotes the derivation with respect to z. In this sense, our micro-universes are de Sitter
spaces.

Let us now consider evanescent solutions of Eq.(11). We look for separable solutions of the form ¥(&,¢&) =
D) &) that are evanescent. With simple calculations we obtain:

D(e) = exp(-¢) = exp [—gj () =exp(-¢) (13)

The Egs.(13) give a physical meaning to the parameter & as an indicator of the rapidity of evanescence:
comparing the evanescences associated with different particles, there will be more or less rapid ones depending
on the corresponding value of 6.

Moreover, Eq.(11) also admits separable harmonic solutions which can be identified with the usual de Broglie
phase factor, associated with a persistent micro-universe, by placing ¢ =t/6.

() = exp (+ike) = exp (i%} =exp (i iM;ZtJ . I(&) = exp(xikE)  (14)

It is therefore natural to identify the real time variable t with the external time of the laboratory (proper time of
the particle), and instead identify the imaginary time 7 as an internal time of the micro-universe. The k factor is
the same as that which appears in (9).



As we will see in the following Sections, the evolution parameter can be alternatively identified with the phase
angle ¢, instead of with an external or internal time. It is possible to do this by replacing, in Egs.(13), 7@ with
| @|; alternatively, the replacement £kt/6 — ¢ can be made in Eqgs.(14), and we will return to this point later.

3.2 Micro-universes and spacetime

It is now necessary to illustrate the connection of the de Sitter space of an elementary particle with spacetime.
For this purpose, let's imagine the usual spacetime as immersed in a five-dimensional environment-space in
which also the particle de Sitter micro-universe, of radius c&< cé, is present. Here we denote with ¢ the limit
speed and with & a positive constant, having the dimensions of a time, the meaning of which we will return to
later. The de Sitter micro-universe is tangent to spacetime at an event-point O corresponding to the spacetime
position of the particle; for example the position of the center of charge of an electron [16,17]. Within the
usual, four-dimensional spacetime it is therefore possible, in the rest frame of reference of the particle, to
represent O as (x, t), where t is the proper time of the particle. In quantum terms, X is an eigenstate of the po-
sition operator of the particle at instant t. Generally, this position is not defined; it is instead delocalized ac-
cording to the spatial dependence of the wave function of the particle [18].

The particle micro-universe is a quantum entity described by a wave function ¥, solution of Eq.(11) [19,20].
The square modulus of this wave function represents the probability of the state of the micro-universe. The de
Sitter quantum micro-universe is defined by a parameter which is its radius c8< cé, where @is the so called de
Sitter time [21], function of the type of particle; the maximum value & of & defines a spatial scale of the mi-
cro-universes associated with elementary particles. We define the amplitude of probability of the existence of
the micro-universe as = (o &)exp[£i(¢ - )], where ¢ is the particle phase angle and p, with 0 < p < &, has
the dimensions of a time.

The de Broglie oscillation corresponds to the propagation in t of the particle when the state of the mi-
cro-universe associated with it is persistent, that is p = & (the probability of existence is constant and unitary).
In this circumstance ¥ = exp[i(¢(t)-g)]. For a free particle of renormalized mass M is ¢(t) = Mc?t/i [22];
under a Lorentz transformation (ict,0,0,0) — (Xo, X1, X2,X3) , the ¥ function becomes a plane wave in the or-
dinary Minkowski spacetime. If n is the versor along the axis t and y = ict, then the vector decomposition re-
lation n g, ¥ = »##J, ¥, involving the Dirac operators 7, (=0, 1, 2, 3), holds. From the scalar product (n g)e(n
YY) = G2 = -(Mc/h)? ¥ = (y0,)e(#d,'P) = &0,¥ the ordinary Klein Gordon equation thus follows. This
equation is linear. Therefore the generic component of the wave function of the particle will be given by a
linear superposition of these plane waves, each of which represents —in accordance with the here discussed
hypothesis- the propagation of a persistent particle micro-universe. The de Broglie oscillation of a specific
plane wave thus corresponds to a persistent (Lorentzian) solution of the Wheeler-De Witt equation in which
the phase angle ¢ depends on t. See ref. [23] for a different demonstration.

If the micro-universe is not persistent, but evanescent or nucleating from a vacuum, its probability of existence
is not identically 1. If the variation of p occurs for a constant value of ¢ and of t, then it corresponds to a single
instant in the domain of the laboratory time t; in this case we can pose o/ & = exp(-| 7|/ 6) and assume zas a time
variable. In this expression there is no loss of generality: the value of the "internal™ time variable  is only a
substitute for ol &, the two quantities being biunivocally connected by a monotone function. As we have seen,
these wave functions are imaginary time (Euclidean) solutions of the Wheeler-De Witt equation. In the next
Section 3.3 we will use this possibility to dynamically describe quantum jumps.



Finally, we can have both Lorentzian and Euclidean solutions in which the evolution parameter is ¢,
considered independent of time parameters such as t or z. We hypothesize that these solutions can describe, in
terms that we will detail later, the coupling of a particle with gauge bosons.

3.3 Time structure

As is known, the temporal evolution of the de Broglie phase of a particle (and more generally of its wave
function) undergoes a discontinuity in correspondence with an instantaneous elementary interaction event.
This event, which sets the new initial condition of this evolution, is called a "quantum jump". The notion of
quantum jump was first introduced by Bohr in his atomic model of 1913 [24], precisely in relation to the ra-
diative processes involving an atomic electron. The quantum jump is therefore the definition of a value ¢
starting from which the phase angle ¢ of the considered particle is defined. This is the value ¢ which appears
in the expression %= exp[i(¢- ¢)], valid under the persistence condition (p/6o)? = 1.

The propagation of the persistent micro-universe continues up to the phase angle ¢ at which the particle is
involved in a new quantum jump (lower horizontal solid lines in Figures 1,2); this jump determines the se-
lection of a new angle ¢ which replaces ¢o in the expression of ¥. The same time instant t; is associated both
with ¢ and ¢r, while the phase undergoes a jump determined by the difference ¢ - ¢r (lower horizontal broken
lines in Figures 1,2). The succession of angles ¢, ¢, ... is specific to the history of the single particle, and this
fact leads to the phenomenon of decoherence. Indeed, while the term «t of the de Broglie oscillation remains
unchanged to it is added, at the instant t; of the jump, the phase variation 4@ = ¢: - ¢r. Decoherence is induced
by the fact that the succession of phase changes A¢ to which the de Broglie oscillation undergoes, in con-
comitance with the successive quantum jumps to which the particle is subject, is specific to the single particle.
In a quantum jump, o undergoes a variation from & to 0 for ¢ fixed to ¢, (ascending vertical solid lines in
Figure 1) followed by a variation from 0 to & for¢ fixed to ¢ (descending vertical solid lines in Figure 1). The
first variation corresponds to the passage from a state having a probability of existence (o/&)? = 1 to another
state having probability of existence (o/ &)? = 0; we can consider it as the destruction of the state entering the
quantum jump. The second variation corresponds to the transition from a state of probability (o/&)>=0to a
state of probability (o/ &)? = 1; we can consider it as the creation of a new initial state of the de Broglie phase
factor. These two variations appear, in the domain of ordinary laboratory time, as limited to a single instant t;
with no duration. The two variations correspond to two wave functions o/é = exp(-|z |/0) at ¢ = ¢x, p = 1
respectively ("exponential tails"). The first tail (z going from 0 to +o0) leads the old particle micro-universe into
a condition of "void", ie the absence of micro-universes. The second tail (z going from -co to 0) produces the
new particle micro-universe starting from this absence. The propagation of these waves does not occur in or-
dinary time t, but in unobservable "time" 7 [14].
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Figure 1; Retarded propagation and the @ — ¥ jump. Vertical solid lines represent the exponential tails in z (Euclidean
time). Lower horizontal solid lines represent the propagation in the ordinary (Lorentzian) time t. Lower hori-
zontal broken lines represent the propagation of the intermediate micro-universe in Lorentzian or Euclidean
“time” @. QJ = quantum jump.
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Figure 2; Advanced propagation and the ¥* — @* jump. Vertical solid lines represent the exponential tails in z (Eu-
clidean time). Lower horizontal solid lines represent the propagation in the ordinary (Lorentzian) time t. Lower
horizontal broken lines represent the propagation of the intermediate micro-universe in Lorentzian or Eu-

clidean “time” ¢. The creation of ¥ matches the annihilation of ¥*. QJ = quantum jump.

Summarizing, at t = t; the particle wave function becomes, from Lorentzian, Euclidean and therefore
associated with an evanescent particle micro-universe; from the perspective of the time domain t, it dissolves
instantaneously. A second wave function, Euclidean, emerges from the void as a fluctuation and becomes
Lorentzian in the form of the new outgoing wave function; this emergence is instantaneous from the
perspective of the time domain t. The two Euclidean wave functions are limited, from the perspective of the
domain t, to the instant t. only. However they are separated by the values of the phase angle ¢ intermediate
between the final angle ¢ and the new initial angle ¢1. These two extreme values of ¢ are connected by a
micro-universe that evolves in "time" ¢, crossing the intermediate values between ¢x and ¢ (lower horizontal
broken lines in Figures 1,2). Also this passage is, from the usual perspective of time t, enclosed in a single
instant t; which is that of the jump. This “intermediate” micro-universe conveys the charges and other quan-
tities conserved from the old micro-universe entering the jump (which became evanescent after having

9



transferred them to it) to the Euclidean fluctuation emerging from the void, which thus becomes the new mi-
cro-universe emerging from the jump. In the case in which the particle undergoing the quantum jump is an
elementary fermion of the Standard Model (lepton or quark), the corresponding intermediate micro-universe
evolving in ¢ represents the absorption or emission of the gauge boson that mediates the interaction inducing
the jump (photon, W=, Z° H®, gluons or graviton). The conserved quantum numbers are transferred to the
outgoing state by this third micro-universe, which acts as a vehicle for them.

Finally, we observe that micro-universes are quantum entities and can therefore be entangled. If, in the
entering state, the particle is in entanglement relationship with other particles, the outgoing state selected by
the quantum jump includes the states of the other particles, which have not undergone effective interaction,
correlated by the entanglement relationship with the outgoing state of the particle that interacted.

3.4 Size of the micro-universe

We now focus on the relationship between the de Sitter time of a particle micro-universe and the mass M of the
particle. We postulate that the coupling energy between the charge go and the de Sitter radius r is —qo%/r. The
transition from r = oo to a finite value of r corresponds to the creation of a particle carrying that charge, and the
corresponding energy variation is the rest energy of the particle:

where qo is the renormalized charge, M is the renormalized particle mass and r = c@is the de Sitter radius. The
Eq. (15) is the energy released by the field coupled to the charge to create the particle. The inverse passage
from a finite value of r to r = oo corresponds to the annihilation of a particle carrying that charge, and the
corresponding energy variation (opposite to (15)) is the energy released to the field by the annihilation of the
particle.

It is evident that compressing the radius reduces the coupling energy —qo?/r, and this suggests the existence of a
force that opposes this compression. The finite value assumed by r must derive from a balance between the
action of the field and that, opposite, of this force. The nature of this force will be discussed in the next Section.
Substituting to go the values e (elementary electric charge) in the case of charged leptons and (%¢)*? in the case
of hadrons (constant of strong coupling of hadrons in the hadrodynamical approximation [25]), the expression
(15) gives respectively Mc?= e?/c@ for charged leptons and Mc? = ic/c for hadrons. Therefore, r = cé coin-
cides respectively with the classical radius of the charged lepton and with the Compton length of the hadron.
This result is exactly the relation 6 = i#k/Mc? derived from the identification of Eq.(14) with the de Broglie
phase factor. The maximum value & of &thus remains experimentally identified (restricting our attention to
only charged leptons and hadrons) as ra/c, where re is the classical radius of the electron.

It should be emphasized that the finite radius r is not the radius of an extended charge distribution; the physical
meaning of this radius is different. The vertical projection of de Sitter space, tangent in O to spacetime, de-
termines a spatial region enclosed within a horizon (de Sitter horizon). It is within this region that the mass M
of the particle can be thought to be distributed. It is within this region that the scalar fields act, stabilizing the
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horizon and thus allowing the mass to acquire a finite value. The spatial section enclosed in this horizon is
Euclidean; this is the reason why we restricted ourselves, in the consideration of Eg.(8), to flat solutions only.

3.5 If not gravitation, what else? A hypothesis on the Higgs mechanism

The curvature of the particle micro-universe can be expressed as the product of a constant, dependent on the
particle (hadronic state or single quark or lepton), for a universal curvature. The constant is the coupling factor
of that particle to this curvature. The universal curvature can be connected to the expectation value in vacuum
of a suitable scalar field: the field of sigma models in the hadronic case [26,27], the Higgs field in the case of
elementary fermions of the Standard Model. Here we limit ourselves to considering the Higgs field, referring
the reader to the works of other authors for the discussion of the hadronic case [28,29]. However, the line of
reasoning is the same in both cases.

The Higgs field is introduced in the usual way, as an iso-doublet 2 of scalar fields defined on the space SU(2)
of the weak isospin. The fields will depend on the spacetime position. We denote by ¢ (having the dimensions
of an energy) the expectation value of the vacuum (VEV), defined in the usual way. Let’s consider the energy
f defined by the relation:

f=00=cf (16)

The symmetry breaking, that is the passage from f = 0 (the "false vacuum™) to f = & (the "true vacuum"), cor-
responds in the SU(2) space to the choice of a specific direction of the spinor £2 of norm ¢ as the new vacuum
state. |€2 | = e must be a stable point of the potential of the free Higgs field. Therefore, this potential must be
even in ¢(f - £) and then be expressed by a sum of even powers of (|22 - &%). The only possibility compatible
with renormalization is that of a completely harmonic dynamics of the variable £(f - &), in accordance with the
usual choice of a potential proportional to £(f - £)?, that is (|2 - £)°.

It is possible to associate the Higgs field to a de Sitter space whose curvature is the universal curvature -R,
rewriting its internal potential in the form [30]:

Az ?

V(@) = [Det(g,,) [RO Q*Q—Zé—?(gg)z} (17)

where the determinant of the metric matrix of the de Sitter space appears and we pose:
R, = 64" (18)

while yo is the internal “gravitational constant” of the Higgs micro-universe.
The relationship between the value of the vacuum expectation ¢ and the rest mass Mw of the W boson is that
predicted by the conventional mechanism:

J2¢?
g

My (19)
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where g represents the electroweak coupling constant. Expanding around ¢ in the usual way we then have:

3 1/2 3 gz
_ 22 _3 20
-2 - a-3L 0
n( R, 3M 22
wo-g( ) = R 1)
V(@) = 20+ Aloraf (22)

where 1 = - »R0/36, My is the Higgs boson mass and:

2

1Mic?
H = -7
2

hz

(23)

The existence of a de Sitter space associated with the Higgs field in accordance with (17)-(23) represents our
specific hypothesis relating to the Higgs field. On the other hand, it is known from the Standard Model that the
mass of an elementary fermion (quark or lepton) is given by the product of &for a specific coupling constant of
that fermion. As can be seen from (20), this is equivalent to rescaling the gravitational constant, which passes
from the value yo to a new value y specific to the fermion.

If V is the volume of the projection, on the Minkowski spacetime, of the new de Sitter space associated with the
fermion and p is the pressure within this space, the rest mass M must satisfy the relation pdV = c2dM. Based on
what has been previously argued, an increase of V must result in a decrease of M; this is congruent with a
negative p. Therefore dM/dV = -7, where 7 is the matter density inside the horizon; that is p + rc? = 0.

The micro-space of scalar curvature R and cosmological constant A, satisfies the Einstein equations:

R
R/JV - Egyv + Aogyv = lTluv (24)

where u, v =0,1,2,3 and the symbols have the usual meaning. Here the metric tensor g, is that experienced by
the centers of charge within the particle, while Einstein's "gravitational™ constant y actually measures the
coupling with the VEV. By schematizing the internal vacuum as a perfect fluid, the stress tensor takes the
form:

T =(1+5 o0, + pa,. 25)

where the four-velocity field of matter u, is introduced. Since p + 7c? = 0, the (24) becomes:
12



R
R = 5 G + (4y+xmc?)g,, = 0 (26)

which is the equation of a de Sitter space with an "effective" cosmological constant A = Ao + y7c?. Neglecting
the native (cosmological) constant Ao, we have A = ync? = R/4. The y rescaling therefore coincides with a
rescaling of Ro in R.

In other words, Eg. (20) provides an expression for the expectation value ¢ of the Higgs field in the vacuum
where the "gravitational” constant yo of the micro-universe corresponding to this vacuum appears. The
Standard Model defines the mass M of a particle as the product of ¢ by a suitable dimensionless coupling
constant dependent on the particle. In terms of the present model, this implies the rescaling & — f&where:

o [iJ (27)

This rescaling leads to a new micro-universe (that of the particle) with a "gravitational constant y. From Eqgs.
(20), (27) we have:

f2 = %:ﬁ (28)

3
X X

From the relation A = ync? between the cosmological constant A of the new micro-universe, its mass density 7
and the “gravitational” constant y we obtain:

2
ocﬂocM_z M

1
xr A M™)°

= M? (29)

since A = 3/(cé)? and c@is inversely proportional to M. This result conforms to Eq. (9). We therefore have:

20 L o M2 (30)
4

That is M o f, according to the conventional Higgs mechanism and the Standard Model.

Finally, we note that, setting p = V(&), the relation p + ;c? = 0 for the rescaled particle micro-universe precisely
represents the cancellation of the expression within round brackets in Eq. (8). This result therefore justifies the
restriction we applied to the solutions of that equation.

4. Open questions and experimental control

4.1 Decoherence and flavor mixing

13



In a quantum jump induced by a fundamental interaction, the intermediate micro-universe evolving in the
phase angle ¢ can be described by an evanescent amplitude @ = exp(- | ¢ [) or by a harmonic amplitude @ =
exp(zig). In the first case, the phase plays the role of a Euclidean time; in the second of a Lorentzian time. In
both cases, the existence of such a micro-universe is reduced, in the temporal domain t in which we operate, to
a single instant. The first possibility prefers smaller phase jumps, while the second makes all phase variations
Agp equally probable. The latter possibility is the one normally considered since the early days of quantum
mechanics (see for example Heisenberg [31]). A direct experimental control would consist in measuring the
phase of the wave function before and after the quantum jump, and in determining the difference A¢ of the two
phases. By constructing a frequency histogram of the various values of this difference, one could go back to the
correct determination of the probability P(4¢). However, such an approach is impossible, because notoriously
the global phase of a wave function is not measurable. Even more: the wave function is defined up to a global
phase, so such a proposal has no logical basis.

It is therefore necessary to approach the problem indirectly. Let us imagine to send a beam of bosonic particles,
perfectly coherent in phase, on a medium where they undergo quantum jumps through interactions with mi-
croscopic components of the medium itself. It is evident that in the evanescent case decoherence occurs more
slowly than in the "Lorentzian" case, because smaller phase jumps are preferred. Therefore it will take more
jumps to obtain the same degree of decoherence obtainable in the alternative "Lorentzian" case. From a the-
oretical point of view, the degree of decoherence can be estimated, if @is known, by averaging on the histories
of single particles. Or, for example, by studying the behaviour of the off-diagonal terms of the density matrix
after repeated quantum jumps. The theoretical prediction of the evolution of decoherence as a function of the
number of interactions can then be compared with the experimental result. We do not develop here the relative
considerations, which would require a separate paper, but what is interesting, even beyond the case in point, is
that such a methodology could provide experimental indications on @and therefore, from our point of view, on
the nature of intermediate micro-universe. The relevant point here is that if our argument is correct, the hy-
pothesized internal dynamics of a quantum jump is - at least partially - experimentally investigable.

An interesting detail is that in the case of an evanescent intermediate micro-universe, the dependence of the
wave function [Eq. (13)] from the scalar field is of decreasing exponential type. If we apply such a model to the
electron-photon interaction (e — e + ), the values of the scalar field at the junction with the micro-universes
of the two electrons (incoming and outgoing) must be equal. These micro-universes must in fact have the same
curvature because they correspond to particles of identical mass and therefore, if the considerations made in
Section 3.5 are correct, the values of the scalar field that induces this curvature must be identical.

However, this is no longer true in processes in which the gauge boson mediates an interaction between
elementary fermions of different mass, which occurs only with the W bosons. In this circumstance the values
&, & of the scalar field at the junction with the two fermionic micro-universes will be different. It is then
possible to hypothesize an exchange amplitude of the type A(&,&)exp(- |E-&|) with &,& depending on the
masses of the two fermions. This amplitude is unitary if A is seen as a propagator associated with the boson;
from the perspective of the time domain t, this transition amplitude appears as a multiplicative factor of the
coupling constant. This could perhaps be a way to describe the mixing of quarkic or leptonic flavors (CKM and
PMNS matrices respectively) in weak interactions mediated by charged current.

4.2 Cosmological implications
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The authors of an interesting paper [32] ask themselves what may be, at a cosmological level, the cause of the
breaking of the homogeneity and isotropy of the distribution of matter in the phases of cosmic evolution im-
mediately following the end of the inflationary era. In fact, it is generally believed that the "quantum fluctua-
tions" originating during inflation are the seeds from which density inhomogeneities develop. The subsequent
amplification of these inhomogeneities caused by gravitation leads to the emergence of structures, such as
clusters and galaxies and, within the latter, stars and planets. The important point is that while amplification
processes are essentially classical, in the sense that quantum aspects do not seem to play a significant role in
them, the origination of seeds is due to the conversion of quantum fluctuations and therefore falls within the
realm of quantum processes. The quantum fields that govern the inflationary era notoriously represent possi-
bilities: the possibility of events. What leads to the formation of seeds is the actualization of these possibilities
in effective inhomogeneities of density over spacetime.

The authors examine the question by considering the prescriptions on the collapse of the wave function derived
from all the main classes of quantum formalism interpretations and arrive at the conclusion that none of them is
able to generate, from the initial perfect symmetry, the asymmetry necessary for the structure formation. They
conclude that a symmetry breaking such as that required can only be obtained by admitting an objective
collapse of the wave function at a microphysical level.

Our approach, however, sees precisely the quantum jump as a collapse of an objective nature, originating
entirely from single, fundamental interactions between elementary particles. This form of collapse can
therefore be considered a natural candidate as a solution to the problem. The relevant point here is that the
representation of elementary particles as a connection of different quantum micro-universes that evolve in
different forms of time, only one of which corresponds to the usual notion of time, allows segments of
non-unitary time evolution. The fundamental interactions therefore take on, in addition to their usual unitary
aspect, also a non-unitary aspect that is present since the beginning in the representation adopted.

4.3 Relationship with the cosmological constant and the Planck scale

The existence of a cosmological constant A = 3/ty?, independent of cosmic time, is known. This suggests a
scale transformation of the gravitational constant G of the form:

Gt, =G'6, (31)

The maximum de Sitter time of a particle micro-space, &, can be thought to derive from Planck time:

nG
A L (32)
c
by replacing G with G'. This leads to the relation:
g
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By substituting the experimental values of tp and to (the latter derived from the observational value of A) we
obtain that c& is in the order of the classical radius of the electron. This result is consistent with our previous
choice to identify c& with this radius. Eqg.(33) can be written under two alternative forms, the first of which is:

G[”].i:ﬁ (34)

26,

The meaning of Eq.(34) is transparent. In order to localize, in spacetime, the mass distribution of a particle of
de Sitter radius equating the maximum value cé it is necessary, by virtue of the uncertainty principle, to
concentrate an energy equal to 4/6 in that spacetime region. The left hand term of Eq.(34) represents the
self-gravitation energy of this energetic concentration. The contribute of self-gravitation alone to the temporal
localization of the micro-space, in terms of the uncertainty principle, is expressed by the right hand term of
Eq.(34): to is the uncertainty about the localization. Energy concentrations of value 7/6 on spatial scales cé,
with 6< 6, increase the left hand term and consequently correspond to intervals of temporal uncertainty less
than to. Since it is not possible to concentrate energy avoiding its gravitational self-coupling, it is not possible
to localize the particle mass distribution in spacetime without having an uncertainty time interval < to, deter-
mined by this self-coupling. It is for this reason that a cosmological time horizon of extension t, appears. This
reasoning brings the value of the cosmological constant A back to the localization of elementary particles, as a
sort of ineluctable infrared limit, freeing it from the energy density of the vacuum. The difficulty originating
from the observed disagreement between A and the value of this density is therefore avoided.

The second alternative form of Eq.(3) can be obtained by dividing the area of the de Sitter horizon of the mi-
cro-space of radius c@ into "Planck cells" of extension cte. The number of such cells is:

2
0, t
Ncells ~ [_OJ =2~ ND (35)

where Np is the Dirac number (~10*) obtained by substituting the numerical values of the constants. If we
consider, on the five-dimensional de Sitter space of the particle, two distinct points of tangency on the ordinary
spacetime, no interaction can distinguish these points if they fall within the same cell. In fact, a virtual quantum
exchanged between points of the same cell should have a mass greater than that of Planck, and would in fact be
a non-exchangeable black hole. Eq.(35) is a form of the well-known Bekenstein relation (to/tp)? ~ 1012 and this
result seems to indicate a connection with the holographic theme.

5. Conclusions

In this paper we have proposed a description of elementary particles as particular solutions of the Wheeler - De
Witt equation. These solutions are associated with the spacetime localization of the charge center of the
particle. Geometrically, they represent micro-spaces with constant positive curvature, tangent to spacetime at a
point corresponding to the position of the charge center. The Lorentzian solutions describe the micro-universes
related to the de Broglie phase factors, from the quantum superposition of which the particle wave function
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understood in the usual sense is obtained. These solutions can be connected to the void by Euclidean
micro-universes, and in this way it is possible to describe non-unitary quantum jumps. These jumps are
induced by the usual fundamental interactions, and the coupling with the relevant gauge boson is described by
the exchange of an intermediate micro-universe in the interaction vertex. In principle, the nature of this
intermediate micro-universe can, at least in part, be investigated experimentally through measurements of
decoherence rapidity. Furthermore, specific exchange mechanisms of this micro-universe could form a basis
for the explanation of the mixing of flavors in the weak interaction mediated by charged bosons.

It therefore becomes possible to apply the language of the third quantization to the description of the particle.
The third quantization was developed in the late 1980s to study the fluctuations of space-time, and proved to be
a very powerful and clear framework describing the multiverse and various aspects of its conceptual constel-
lations such as virtual black holes, wormholes and baby universes [33 -36]. It develops from the Wheeler-de
Witt equation, in which the time variable is not fixed a priori; the possible solutions are therefore incomputable
[37]. The choice of the time variable thus implies the selection of an evolutionary mechanism.

The well known approach of multiverse and particle-like universes [38-40] is used here by replacing gravita-
tion with scalar fields, as the Higgs field, which size the particle micro-universe. The particle, in its "corpus-
cular" aspect, is seen as an event rather than an object. In this sense, no ontological role of a classical type is
assigned to the particle micro-universe, unlike previous similar theoretical elaborations [41]. This "event
based" perspective of elementary processes finally offers simple mechanisms for breaking the homogeneity of
the distribution of matter at the end of the inflationary era and for generating the seeds of structures destined to
evolve into galaxies and clusters.
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