Microscopic Interpretation of The Gravity Electroweak Symmetry Breaking

Stephane H. Maes!

March 27, 2025

Abstract:

In previous papers, we proposed detailing the concepts of gravity electroweak symmetry breaking, in the context of
the multi-fold universe. Accordingly, massive particles are modeled as microscopic black holes as Higgs boson
condensate Qballs, and massless particles are modeled as 2D random walk patterns of massless Higgs bosons.

In this paper, we present a microscopic interpretation of what happens above, at and below the gravity electroweak
symmetry breaking. This includes how we have condensation into a BEC Qball of Higgs condensate, while massless
particles remain patterns of random walks, which disappear at higher temperatures, leading to eth Ultimate
Unification (UU}, where only 2D random walks of massless bosons take place.

1. Introduction

This paper is derived from [162], for the purpose of making sure that the topic of microscopic interpretation of the
(multi-fold) gravity electroweak symmetry breaking is noticed, and not obscured by the black hole regularity
discussions that dominate [162].

In [1,8-10,16,22,23,28,29,30,35,36,64,66,72,89,130,131,137,151,152,157,162,170,176] and references therein, we
discuss the proposal of modeling SM (Standard Model) particles as microscopic black holes, and associated new life
cycle for multi-fold black holes, the Ultimate Unifications, and a non-strict version of the Weak Gravity Conjecture
(WGC) [1,28,64,131,137,151,152,221,222].

With the multi-fold mechanisms [1,8-10,22,131,137,140,152], SM particles and their quantum numbers and
properties result from multi-fold space time matter induction and scattering [1,4,29,33-
35,36,63,139,140,144,150,161,198-206], that is essentially a stable unconstrained (not compactified) Kaluza Klein
approach. Massive particles are soliton induced Qballs of Higgs condensate with a superconducting Higgs skin, and
massless particles are induced patterns of 2D random walks of massless Higgs bosons. Mass, spin, chirality, internal
symmetries, and SM symmetries result from it [1,8-10,22,23,116,131,137,144,150,152,161,170]. All look like
microscopic black holes.

In [162], we show that such solitons induced by multi-fold space time matter induction and scattering, Qballs and
patterns of random walks are stable, i.e., without singularities, In-and-Out equilibrium of evaporation, and no
extremality problems, just as for regular black holes, considering that all multi-fold black holes are regular
[1,31,64,66,89,137,151,152,157,162].
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In the present paper, we discuss the detailed microscopic interpretation of what happens at high temperature (UU,
split up into massless bosons in 2D random walks [1,8-10,22,62,72,131,137,152,170]), and before, at and after the
multi-fold gravity electroweak symmetry breaking [1,4,23,29,35,36,72,124,130,137,162,170].

As always because of how often the multi-fold theory allows the recover, explain, or resolve aspects and open
issues of the SM, and the Standard Cosmology Model [100] (even if it may have to evolve some models, but
probably not its principles [128] — including comments on the web page) [1-157,161-176].

Also, the paper includes a model for radiation, interactions, absorption, acceleration and deceleration [31,162].

This work is extracted from [162], and relies at times on its results in terms of stability and nonissue of singularities,
stability, extremality and evaporation for black holes. A superficial overview of the Multi-fold theory is presented in
Appendix A.

2. Microscopic Interpretation of the Multi-fold Gravity
Electroweak Symmetry Breaking

We have earlier found how imaginary / complex mass for the Higgs field (and complex scalar field) just above the
electroweak symmetry breaking may characterize its unstable equilibrium as in [181] and is causal, rather than
tachyonic non-causal features (Around the vacuum where the Higgs field has vanishing expectation value, the full
gauge symmetry is restored but the Higgs field has negative m?) (6.14.24) in [182], [182-189]. The potential near
where the field is zero implies that the field is tachyonic as illustrated in [185].

Furthermore, when looking at the Abelian Higgs mechanism, we see that the QFT Higgs field must be complex in
order to have its phase define a gauge [189], to create a gauge invariant Lagrangian [182,186-189].

These complex features can also be seen as a property describing the Lévy walks ([62,148,174] and references
therein), i.e., random walks with foraging [62], with fractional equations when modeled as particles.

So, in [62,162,170], we argue that the Higgs field is complex with an imaginary mass, a sign of causal instability
before spontaneous symmetry breaking [162,170,181], but also a sign of coordinated crowd movements, i.e., a
pattern of the 2D random walks of massless Higgs bosons [1,8-10-22,62,72,131,137,152,162,190,191], which is
exactly what we predict? to be massless particles by random walk patterns induced by multi-fold space time matter
induction and scattering for massless particles and including in particular all SM particles above the energy scales of
the multi-fold gravity electroweak symmetry breaking (when condensation and Qballs are not an option)
[1,4,23,29,35,36,72,124,130,137,170].

It also explains the possible apparent contradiction: are massless Higgs bosons with a mass? Are random walks
following patterns. The answers are yes and yes, yet still no and no: it depend not just of the energy, but also of the
spatial scale as explained in figure 1 of [72], or the energy level modeled by QFT. While they remain massless they
present these mathematical apparent causal tachyonic features to capture instability of the field [178], and
coordinated induced random walk pattern. This is in fact not totally a surprise, just as we show in [170] that mass

2 Before this paper and [162], the reasoning was a combination of needing to extend the induction due to the
multi-fold mechanisms to before above the energy scales of the multi-fold gravity electroweak symmetry breaking
[1,4,23,29,35,36,72,124,130,137,170], when everything is massless, charge/colors disappear outside particles, etc.,
as shown in figure 1 of [72], and when spacetime is based on 2D random walks of massless Higgs bosons
[1,62,63,72,124,137,170,176]. It was already the only plausible explanation. Now we show that it is also contained
in the QFT models.



acquisition results from the confinement of massless particle. Before confinement, coordinated patterns create
imaginary mass when modeled at larger scale® than the composing particles, so that the resulting soliton is stable
under the underlying motions instead of falling apart due to the moves of the composing particles.

This is seen by relying on [185]: the imaginary mass near the stable maximum

@=0 (1)

, Which can be seen as the massless case [185], where the field has imaginary masses and seems to be (causal)
tachyonic.

If everything is massless near (1), then we indeed capture something else than tachyons (which are imaginarily
massive). So, there is no inconsistency at this level, and rather confirmation that tachyonic field in this case is about
the instability*, that superluminal behavior. Higgs bosons are also massless at

®=0 (2)

Above this critical temperature T, or energy, i.e., the energy of the multi-fold gravity electroweak symmetry
breaking, the phase is different. Indeed, for as long as massless particles are viable®, patterns of random walks are
encountered, and can be seen as interacting scalar fields as in QFT [192] or as in QFT in condensed matter solid
state [234], i.e., with zero mass and a potential as in section 6.4 of [182], with V(¢) possibly including quadratic
terms.

These interaction terms [192], and coupling constants, above T, are to be understood as attractive. In multi-fold
universes, at high energy but not high enough to destroy the random walk patterns, this attraction is, within
massless SM particles, between the massless Higgs bosons; massless particle at lower temperatures are discussed
later. We assert that key candidates for this attraction are the gravitation-like attractions between entangled
massless Higgs bosons® [24,25]. Even if there may also be conventional gravity effects between the bosons, it is not
dominant as the gravity breaking part of the multi-fold gravity electroweak symmetry breaking occurs at the lower
energy scales of the gravity electroweak symmetry breaking [35]. Their attractions provide the centripetal forces
needed to create stable orbits (and therefore per the Bertrand theorem [124,194,195] (and references therein) in ~
r! or r?, between the massless Higgs bosons). The former matches gravity-like effects, and in 4D spacetime’, orbits
are roughly closed. The other terms account for motions of the particles and higher order interactions etc., as it is
not exactly a central force due to the many particle and non-linear effects. Overall the interactions are not too
strong before condensation, ensure alignment with BEC models [210].

Possible stable structures are solitons with energy minimum resulting from the multi-fold space time matter
induction and scattering [1,4,33-35,63,137,139,140,144,150,155,157,161,198-206]. As explained in [23,35,36],
massive particles can occasionally appear as fluctuations, higher than T.. However, in general, the unstable state is

3 Collective movements, i.e., a many body problem at large enough scales, rather than while looking at the
individually composing particles. It is suited for QFT.

4 This is by analogy of comparing both case the causality breaking tachyon versus unstable oscillators [181] (Just as
similar types of examples explain instanton as related to tunneling [166]).

5 And so it remains the case below the multi-fold gravity electroweak symmetry breaking for massless gauge
bosons. We will revisit later in the paper. Because they do not involve as many massless bosons in the random
walks (massless gauge bosons are roughly at scales of the Planck spatial length), they are way stabler and
attraction can remain valid for temperatures below T.. That is why we keep on finding massless particles, and light
is massless, as are gluons.

& Interesting that means the same effect as the multi-fold dark matter effect [1,5,7-10,22,24,25,30,54-
59,106,131,137,149,152].

7 This can only happen in 4D spacetime, aligned with [124].



not reached (as a new phase) at this time, because the energy of fluctuations destroy any subsequent
condensation structure.

If temperature raises / is much higher, the fluctuations destroy the random walks as further discussed in section
9.3, which can be seen also as having the particles as extremal black hole split up per the previous sections and
[1,4,33-35,63,139,140,144,150,161], and we reach the scales of the ultimate unification, populated by massless
Higgs bosons random walks in (sometimes interacting) 2D random walks.

At (3) and T, and below, the potential is still attractive at (2) as moving away from (2) increases the density and
decreases the potential. So, when there is already enough entangled massless Higgs bosons, e.g., storing now too
much information / entropy (entangled Qubits) in the region® [1,66,137,196,197], fluctuations adding Higgs bosons
and creating collisions between the Higgs bosons will create the needed Higgs field fluctuations to spontaneously
break the symmetry, and evolve rapidly till reaching the minimum. At such a stage, the Higgs field is now with a
positive mass (Higgs acquire masses in Higgs particles and within Qballs and outside due to the skin potential), and
the potential is now repulsive, as increases in Higgs density increase to potential.

A repulsive potential can now satisfy the conditions to create a BEC (Bose Einstein Condensate) as modeled initially
by Bogolubov [208-210]. Also, the mid-field Gross-Pitaevskii equation, which models the wave function of the
condensate, shows that the stability of the condensate requires that weak interactions between the bosons be
repulsive [193,210]. That potential is responsible for preventing collapse and lead to a spatially extended
condensate.

With this, we disagree with [226] as significantly unstable state with a Lagrangian as in [185] will form and subsist
only when the temperature is at and lower than T.. Instability is then inevitable. See [179,188].

We postulate that the eventual repulsive potential comes from the elastic scattering between the massless Higgs
bosons®, as in analogy to [256] with bosonic atoms, as well as from the nature of the massless Higgs boson as
dilaton. The high speed and non-atomic / neutral structure ensure repulsion and elasticity.

The shape of the Qball results from the multi-fold space time matter induction and scattering, as modeled in
[1,4,33-35,63,137,139,140,144,150,155,157,161,198-206] and references therein. It defines the particles quantum
numbers including charge. Rotation of the Qball skins, coming from the condensation of the random walk patterns,
defines the spin [1,137,150,155,161,170]. The skin is defined as in [4,198-206] and references therein, and itself a
condensate super conductor superfluid. More on this in [162].

8 As a result, the In-and-Out equilibrium discussed in [162], with more energy piling up, as more bosons get in, now
attracted also by gravity, trying to enter the random walk orbit and the region that it encircles, than those
escaping. This creates the opportunity for condensation in the Qballs and at its skin [4,35]. The Qball skin is formed
by combining potentials as in [1,4,35,137,157,198-206] and references therein. The external one indicates that
condensation can also occur outside the Qball, hence the Higgs particle can also exist with an mass acquired the
same way, consistent with say [223]. Within the formed condensate, the repulsion continues because piling up too
many Higgs boson at a same place is again limited by the maximal entropy within a spacetime region
[1,66,137,196,197], and controlled by (elastic) collisions in the condensate increased as density increases. Other
mechanisms could be involved like pseudo Nambu Goldstone bosons due to spontaneous symmetry breaking of a
global symmetry, e.g., the scalar field shifting by a constant, which is indeed broken by the Qball shape [180], or as
the dilaton, aka the massless Higgs boson may be considered as a dilaton, something we determined to be the case
in multi-fold universes [23,29,64,66,72,170,179], can be seen as arising from a 5D gauged U(1) symmetry
[180,207], but rather modeled massless first as massless and therefore better models with the axion example in
[180]. Also it is interesting that [207] speaks of “A Higgslike Dilaton”, aligned and adding to the arguments we have
in [23,29,64,66,72,170,178].

° This does not play a role above T, because then the density is too low in spacetime vacuum, and while higher in
the massless particles as random walk patterns, the coordinated pattern minimizes scattering within the walks.



Note that as explained in [72] with figure 1, when considering higher energy scales or smaller spatial scales,
massless bosons still exist concretizing the spacetime with their random walks. Massive Higgs can also be
encountered everywhere as Higgs Condensate Qballs. Massive gauge bosons also become Qballs of Higgs
condensates. The effects are equivalent but modeled differently in the QFT / SM electroweak symmetry breaking
with the massive fermions'® appearing to interact with the Higgs field, while the massive gauge bosons swallow the
massless Goldstone particles resulting, per the Goldstone theorem, from the spontaneous symmetry breaking
[223]. The photon is the remaining goldstone boson. This is in our view just the result of capturing interaction
carrier vs. “matter”, but in practice it is the same mechanism modeled differently in the SM Lagrangian of QFT vs. in
the multi-fold microscopic interpretations. Below T,, the massless gauge bosons still exist as smaller random walk
patterns of massless gauge bosons. They do not condensate! because their density remains too light (only few
massless bosons) to push for instability, and the potential remains attractive at zero, never moving away from the
instability: the walk patter is small, of the Planck Length scale, and therefore very stable also at all temperature

T<Te (3)

This analysis comes from [162] where it is for the first time detailed beyond the story told in [4,35,63]. It provides a
detailed microscopic interpretation to the SM, or rather SMg, gravity electroweak symmetry breaking, and the
origin of quantum numbers, mass, inertia, charges/colors and spin, as well as the SM symmetries [23].

Spacetime continues to be defined by, and expanding as concretized locations of the massless Higgs bosons in 2D
random walks [1,27,32,62,72,170], which explains and supports that spacetime is bosonic [150,170,176], and
matter are excitation of spacetime. Per the above, the field or its mass can always been seen as complex at the low
level ,or within a range including the massless gauge bosons. However, the massless Higgs boson is not an explicit
particle at the level of the SM, its scales or above, and it is rather modeling gravity, and GR at and above the SM
spatial scales (below the energies of the multi-fold gravity electroweak symmetry breaking). They are irrelevant at
the SM and macroscopic scales because it is not possible to model the scales where they matters (as discrete / non-
commutative spacetime and massless gauge bosons or scalar bosons in 2D random walks) with 4D / Continuous
QFT.

No interaction of the massless Higgs bosons takes place with the SM or SMg, at the SM scales: they can be
considered as just having condensed into Qballs, along with massless gauge bosons. They will matter only when
going to higher energies or smaller spatial scales.

3. About the Massless Solitons

With the mechanisms described above, massless particles, as patterns of random walks of the massless Higgs
bosons, have no mass, and do not form actual black holes. They have no singularity.

Massless gauge bosons never reach unstable states, and therefore, they do not form Qballs of Higgs condensates.
Even if they did, it would result into negligible corrections at the scales of QFT and the SM.

10 Remember that, in a multi-fold universe, we have massive neutrinos as Dirac Fermions who acquired mass the
same way. The right-handed neutrinos and their anti-particles are in the multi-fold behind the Higgs Bosons [1,8-
10,22,42,47,67,119,131,137,152,157,165].

11 They can’t condensate into Qballs, or they would acquire a mass. If they were to condensate we would have
infinitely small mass associated to all the massless gauge bosons and the QFT /SM model would be just an
approximation, not really affected in its precision by that, as is in any case too hard to observe.



The multi-fold model of massless gauge boson is something that we may not have perfectly called out in past
papers, including [1,137,224], where we were all the way discussing the microscopic black holes for say photons, or
[4,35], where we did not discuss explicitly these considerations or the detailed microscopic interpretation
described in section 6.1.1.

4. Particles as (Over) Extremal Microscopic Black Holes

4.1. Conventional Models of Particles as Black Koles

As discussed in [1,4,33-35,63,137,139,140,144,150,155,157,161,162,198-206,223,224] and references therein,
based on Schwarzschild radius ad the Compton wavelength, SM particles, modeled as black holes can often
mathematically appear to be extremal or over extremal. This is considered as an unexplained problem. Below, we
will provide a path to address these concerns.

4.2. Fundamental Particles as Microscopic Black Hole-like Qballs of
Massless Higgs Boson Condensate

4.2.1 Relativistic and Non-Relativistic Qballs

In a multi-fold universe, below the energy scales of the multi-fold gravity electroweak symmetry breaking,
fundamental massive SM particles are Qballs of Higgs condensate with a Higgs superconducting skin [4,35]. With
massless Higgs bosons, and (over)extremal charged/rotating Qballs, relativistic BEC behaviors have to be
considered.

The BEC can be modeled as discussed in earlier sections, or as in for relativistic / ultra relativistic situations . The
bosons are not charged but interacting, making the models in [262] suitable. One can also consider the models of
[212,213], where the massless Higgs bosons are equivalent to the photons. There again, as for the graviton BEC
proposal [162], we see that gravity effects (masses are the charges for gravity) spread, i.e., the black hole mass
resides all over the BEC, ensuring no singularity. Therefore, we should have cessation of evaporation at the SM
spatial scales, because of the mechanisms of [177] appearing at that scale with a discrete, non-commutative
spacetime with quantum uncertainties.

Note that massless bosons requires confinement for the BEC to exist. It is provided by the Qball skin in analogy with
the cavity in [212,213], and it is responsible for the Higgs mass acquisition (while the massless boson can still exist
to concretize spacetime or induce massless gauge bosons) [170]. [211] models the coexistence of BEC and
thermalized not condensed particles, which gives support to our assertions in section 2, that massless Higgs bosons
can continue to model spacetime concretization and expansion [1,27,32,62,72,170], visible at small enough spatial
scales, and produce the random walk patterns associated to massless gauge bosons.



It is worth nothing another difference between relativistic and non-relativistic BEC. The former adds a massive
continuous excitation mode spectrum??, not encountered with the non-relativistic BECs, along with a common
gapless discrete excitation mode spectrum. Both BECs have their own Gross-Pitaevskii Equation derived from the
Schrodinger or the Klein Gordon equations [210,214]. However, in the context of particle-size Higgs Qballs, it is not
clear that these have any relevance. We may encounter needs for them in the future.

4.2.2 More About Evaporation as Tunneling Through the Qball Skin

The shapes of the Qballs result from the multi-fold space time matter induction and scattering, as modeled in
[1,4,33-35,63,137,139,140,144,150,155,157,161,198-206] and references therein. It defines the particles quantum
numbers including charge. Rotation of the Qball skins, coming from the condensation of the random walk patterns,
and it defines the spin3 [150,161]. The Qball skin is defined as in [4] and references therein, and it is itself a
condensate super conductor / superfluid BEC.

Massless Higgs bosons can enter or exit the Qball via tunneling, with the Qball fluctuating to maintain its soliton
quantum number properties (i.e., the barrier of the skin adapts to what is needed as imposed by the multi-fold
space time matter induction and scattering). As a result evaporation may take place as tunneling.

We must note that quantum tunneling effects can be large, due to Klein Tunnelling!*, when / if the potential barrier
created by the Qball skin is large vs the total energy [215-217] of a massless Higgs boson bosons in a Qball (and of
others massless bosons like photons)*®. So the cessation of the evaporation discussed in [162], must be understood
as implying an In-and-Out equilibrium of absorption and evaporation rather than a strict suppression. The outcome
is the same. Otherwise the cessation modeled in [177] would not hold, despite occurring at the SM, or SMg, scales,
where QFT is valid and extremely accurate.

12 The excitation spectrum of a Bose-Einstein condensate (BEC) describes the energy and momentum relationship
of excitations (like sound waves) within the BEC.

131t is possible that inside the skin we have also rotation, however this complicates how to balance the angular
momentum contributions from inside and at the skin. It is for further study. In any case, this explains why the spin
is both an internal symmetry, and an angular momentum.

14 The Klein Tunneling or Paradox effects comes from the introduction of potential barriers, i.e., a source of
additional energy in a region of spacetime. If that barrier is larger than 2mc?, then pairs of particles and anti-
particles can be created in the region of the barrier, and overall appear to traverse it, especially and even if the
barrier is infinite. In a Qball, the energy of the barrier is lower than the particle mass equivalent, but that does not
mean that it can’t be high enough for smaller masses, and massless particles like the massless Higgs boson or
photons.

S Note that this analysis warrants explaining why it did not trouble us when we used infinite barriers in [157] to
justify that extremality could not be reached. The fundamental difference is that in the Klein paradox/tunneling,
the energy steps are physical energy jumps present all the (relevant) time in a region. In [157], the potential is not
an existing energy potential able to create pairs of particles and anti-particles. It is rather simulating a jump in
energy that appears if the particle joins the black holes, and therefore affect the path integral contributions on
such path, reducing dramatically their probability, and resulting in the particle bouncing away, when the black hole
is e-away from extremality. Here, or when considering Hawking radiation as tunneling, we do not have a dramatic
change of energy distribution for the dominant paths. So large relativistic tunneling is not a Klein paradox when
modeling quasi extremal black holes as in [157]. The proofs presented in [157] hold.



4.2.3 About extremality

Charge contributions

Charges (or whatever relevant interacting quantum number) are not due to charged bosons, the massless Higgs
bosons are electromagnetically neutral, but the multi-fold space time matter induction and scattering. So charges
are not really contributing to the extremality of black hole like Qballs [211].

This can be enough to address some of the challenges with the electron as black hole model [1,137,223].

Angular Momentum Consideration

The Qballs rotate to support spin of the Qball skin (see toy model in [1,137,150,157]), or maybe interior (See
footnote 3). Spin 0 can be modeled with two Qballs superposed and rotating in opposite direction. Extremality of a
black hole (supposing no charge effect) occurs when the horizon must rotate at, or faster, than c.

Relativistic rotating BECs are studied in [218]. In particular, it shows that nonrelativistic rotating BECs have a
discontinuous phase transition, and behave like non-rotating relativistic BECs. Also, we already mentioned the
excitation mode differences in [162]. Rotating gas (relativistic or not) have a lower T, which means that they warm
up when they rotate, but then cool as they accelerate. For the rest much of the behavior is similar.

Reaching supra luminosity would require particles moving at or faster than the speed of light. This is not happening
because:

e  Within the BEC, the BEC condensed particles are indistinguishable'®, and not traceable®’.

e  With the W-type Multi-fold hypothesis [71], and knowing that a rotating (relativistic) BEC are not that
different from non-relativistic ones, except for some different relationships between their
thermodynamical evolutions, we know that particles in the BEC can jump from anywhere to anywhere in
the BEC, i.e., anywhere the BEC macroscopic wavefunction is supported / nonzero.

Therefore, what seems to be supra luminous moves can rather be jumps with W-type multi-folds, and no
information is conveyed in these jumps, as no particle is distinguishable. Conventionally, it means that the group
velocity!® of particles modeled in a BEC can have supra luminous group velocity with significant probabilities, just as
we can encounter in the Klein Gordon or Dirac equations [129,219]. This applies at the edge of the BEC, or for the
skin, where rotation may otherwise appear to require tangential speed larger than c.

It allows us to conclude that (over) extremality due to rotation is undefined for Higgs Qballs, especially at the level
of the skin, is not actually encountered.

16 This is not to be confused with the ability to track other particles like a charged particles moving in a BEC [220].
There, they tracked an ion in a BEC of cold atoms. So other particles like lons or photons (light) can be tracked, but
that is not our concern here.

17 Note that this is different from the QFT annihilation/creation of particles that create problems for particle based
guantum mechanics as discussed in [1,86,137].

18 This is not an issue as discussed in [129,219].



Evaporation of Rotating Qballs

Evaporation of rotating Qballs, exist due to tunnelling as discussed above, as is absorption, without the concerns
and rules discussed in [157]. Again an In-and-Out equilibrium is to appear.

Yes, a priori, rotations change the barriers of potential, but then again, all this is captured in the soliton geometry: if
the stable soliton rotates with a non-zero spin, then its skin potential barrier is correspondingly adjusted and
defined via multi-fold space time matter induction and scattering.

4.3 Fundamental Massless Particles as Random Walk Patterns of
Massless Higgs Bosons

In the regime where we have microscopic black hole-like patterns random walks of massless Higgs bosons, they all
move at ¢, in an induced pattern of ~ closed orbits. In such a situation, just as before, no charge appears on the
orbiting massless bosons, but it rather results from the induced shape via multi-fold space time matter induction
and scattering. They do not contribute to any extremality.

On the other hand, the attractive interactions playing the role of centripetal forces prior to condensation, and due
to entanglement, ensure that the orbitals are closed, or roughly closed, as already discussed in section 2. Under
these conditions, it is guaranteed by the induced pattern of the soliton that c is not exceeded, just as argued earlier,
so that the (quasi) orbits are stable, and the massless particle does not decompose. Otherwise, it wouldn’t be a
soliton, by definition, and it wouldn’t correspond to an SM massless particle.

The random walk patterns are not black holes, They just appear well modeled as microscopic black holes. Therefore
no singularity is involved either.

In terms of evaporation, random walks may have particles leaving the orbits, e.g., due to tunneling through the
barrier created by the centripetal forces, random move, or other interaction/random collision while as soon that
this happens others can be captured to fill the gaps. As for Qballs, stability of the SM massless particles, implies
that this capture/escape is in equilibrium (In-and-Out equilibrium).

On the other hand, when the universe temperatures becomes too high, random fluctuations increase the escape,
while capture is harder due to the higher energy distribution of the massless Higgs bosons: particles split up down
to massless Higgs bosons as described in [1,8-
10,16,22,23,28,29,30,35,36,64,66,72,89,130,131,137,151,152,157,170,176] and section 2. This is when we enter
the UU regime.

5. SM Particle Life Cycle

The analysis presented in this paper helps us see what happens when particles interact:



e when particles are emitted due to acceleration [31], or de-excitation as electrons in atoms*® [31,220,225-
227]:

o They have Qballs or massless particles created by split-up or tunnelling/escaping , and may then
possible mutate (e.g., in weak interaction), or not, when reestablishing an In-and-Out
equilibrium. In the former case they change to a different soliton induced by multi-fold space
time matter induction and scattering.

o Emissions of virtual particles, occur the same way, relying on quantum uncertainties. The
previous case adds to then when the emitted particle becomes real, due to interaction, as
discussed in [1,137].

e Absorption and excitation is equivalent but now with absorption of a Qball or massless particle and then
get excited or mutate, while reestablishing Qball solitons and In-and-Out equilibriums .

e Excitation and deexcitation can also be seen as accelerations and decelerations [31,220,225-227].

e  Particle and anti-particle creation, uses quantum uncertainty to generate space time fluctuations, i.e.,
fluctuations of massless Higgs bosons to create the massive or massless pairs out of the massless Higgs
bosons that concretize spacetime and its expansion [150,176]

e  Particle and anti-particle annihilation, combines the particles into a Qball, or a random walk pattern that is
not a stable soliton, and so it split up into emitted particles, e.g., gamma pairs, and / or other gauge
bosons and massless Higgs bosons, which are just nothing, i.e., spacetime vacuum.

e Etc.

This is an interesting take on these particle / QFT /SM processes that really concretizes the multi-fold particle view
of QFT and SM / SM¢ [1,8-10,22,131,137,152], and the notion that particles are just excitation of the field, with
zero particle in the vacuum (except for the Higgs vev and its associated sea of Higgs, that we explain a bit
differently here). It also confirmed [150,176] view that spacetime is bosonic, built on the 2D random walks of the
massless Higgs bosons and concretized by their current and past positions.

11. Conclusions

This paper is derived from [162], for the purpose of making sure that the topic of microscopic interpretation of the
(multi-fold) gravity electroweak symmetry breaking is noticed, and not obscured by the black hole regularity
discussions that dominate [162].

We derived and presented for the first time a detailed microscopic interpretation of the massless Higgs boson BEC
condensation events during, and at energies below, the multi-fold gravity electroweak symmetry breaking, and of
massless particles as stable patterns of random walk of the massless Higgs bosons, at all temperature where they
can exist. It includes addressing, in the regime above symmetry breaking, what happens when fluctuations of
massive particles occur. We discussed what massless gauge bosons look like at energies after the symmetry
breaking, etc. We motivated the interactions between the massless Higgs bosons that make this story possible,
including the sources for an attractive potential, i.e., gravity like forces between entangled particles at temperature

®Which can also be seen as a deceleration as discussed in the next bullet.



above the BEC, and for repulsion below. The latter being also linked to dilaton, aka 2D massless Higgs boson gravity
and the multi-fold space time matter induction and scattering in a 5+D space, and conformal/transition symmetry
breaking due to the Qballs.

This also further detail the life cycle of multi-fold black holes and UU. Then, we extend the microscopic
interpretation to the lifecycle of any SM particle, real or virtual.

Also, fundamental particles actually continue to evaporate and absorb massless Higgs bosons, and massless
particles, however an In-and-Out equilibrium exists between the two.

We have argued here and in [162] about the consistency of the proposal of particles as Qballs of massless Higgs
boson condensates: they have no singularity, they do not evaporates, and they can appear (over)extremal. This is
on top of the usual conventional arguments [1,4,137]. Massless particles as patterns of random walks of massless
Higgs boson have no inconsistencies either.

The analysis is predominantly for multi-fold universes, although some aspects are also conventional reasoning. In
any case, having seen so far how the multi-fold theory often seem to apply, give hints or analogy to Physics in our
real universe, and to potentially help address many open issues with the SM or the Standard Model of cosmology
[1-157,161-176], we recommend that the proposals here be also considered as an analysis of our real universe.

Appendix A. A Superficial Overview of the Multi-fold
Theory

In a multi-fold universe [1-157,161-176], gravity emerges from entanglement through the multi-fold mechanisms.
As a result, gravity-like effects appear in between entangled particles [1,24,25], whether they are real or virtual.
Long range, massless gravity results from entanglement of massless virtual particles [1,26]. Entanglement of
massive virtual particles leads to massive gravity contributions at very small scales [1,27]. It is at the base of the
E/G Conjecture [24], and the main characteristics of the multi-fold theory [22]. Multi-folds mechanisms also result
in a spacetime that is discrete, with a random walk fractal structure and non-commutative geometry [62], in a
range of spatial scales, which is Lorentz invariant and where spacetime nodes and particles can be modeled with
microscopic black holes [1,4]. All these recover General Relativity (GR) at large scales, and semi-classical model
remain valid till smaller scales than usually expected. Gravity can therefore be added to the Standard Model (SM)
resulting into what we define as SMg: the SM with gravity effects non-negligible at its scales. It can contribute to
resolving several open issues with the Standard Model, and the standard cosmological model, without New
Physics?® other than gravity [1,4-157,161-176]. These considerations hint at an even stronger relationship between

20 Conventional physicists may argue it is New Physica. We consider that it isn’t because no new particles or
interactions are introduced. We just add gravity, as we know it should be, and multi-fold mechanism and let
conventional Physics unfold with the considerations. It does change conventional results or explanations, usually
with same observables, and it does live in a discrete spacetime etc. as a result of conventional analysis of these
consequences. We also do not cover stable field effects like Skyrmions [166], that we prefer to see as a collective
effect for the theory. Beside the SM particles, there are other collective solutions/solitons in gauge theories, they
have behaviors as particles but they are quasi-particles composed of collective effects of a large set of particles.
We see them as Qballs or patterns that can appear by multi-fold space time matter induction and scattering, under
specific circumstances, nothing more. They are topological solitons and can appear in BEC, as expected with
massless Higgs boson condensates [171,172].



gravity and the Standard Model, as finally shown in [23]. It leads us to consider that the multi-fold theory gives
good insight to conventional Physics, that our real universe may be well modeled as a multi-fold universe [1,4-
157,161-176], something that we have done in this paper.

Among the multi-fold SMg discoveries, the apparition of an-always in-flight, and hence non-interacting, right-
handed neutrinos, coupled to the Higgs boson, generated by chirality flips by gravity of the massless Weyl
fermions, induced by 7D space time matter induction and scattering models, and hidden behind the Higgs boson or
field at the entry points and exit points of the multi-folds. Massless Higgs bosons can be modeled as minimal
microscopic black holes mark concretized spacetime locations. They can condensate into Dirac Kerr-Newman
soliton Qballs to produce massive and charged particles below the energy scales of the multi-fold electroweak
symmetry breaking [1,4], and as random walk patterns to realize massless particles at all scales [1,29,36,37],
thereby providing a microscopic explanation for a the multi-fold kinematics and dynamics and associated
unconstrained Kaluza Klein mechanisms [23,33,34,52,63,64,113,139], Higgs driven inflation [1,27], the electroweak
symmetry breaking, the Higgs mechanism, the mass acquisition [139], and the chirality of fermions (and
spacetime); all resulting from the multi-fold gravity electroweak symmetry breaking [1,4,17,23,29,32-
34,52,64,66,72,74,124,139,140]. The multi-fold theory has concrete implications on New Physics like
supersymmetry, superstrings, M-theory and Loop Quantum Gravity (LQG) [1,8-21,66,90,112,134].

Multi-folds are encountered in GR at Planck scales [5,6] and in Quantum Mechanics21 (QM) if different suitable
quantum reference frames (QRFs) are to be equivalent relatively to entangled, coherent or correlated systems [7].
This shows that GR and QM are different facets of something that they cannot well model: multi-folds
[1,52,94,104].
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