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From Nambu-Goldstone bosons to massive particles

via the hydrodynamics of a doped vacuum.
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Abstract
Here the physical vacuum is treated as a superfluid, fun-
damental quantum scalar field, coinciding with dark en-
ergy and doped with particle dark matter, able to pro-
duce massive particles and interactions via a hydrody-
namic reinterpretation of the Higgs mechanism. Here
the Nambu-Goldstone bosons are circularly polarized
phonons around the edge of the Brillouin zone of vac-
uum’s quasi-lattice and they give mass to particles by trig-
gering quantized vortices, whose dynamics reproduces
any possible spin. Doped vortices also exert hydrody-
namic forces which may correspond to fundamental in-
teractions.

Keywords— quantum vacuum; dilatant vacuum; dark en-
ergy; dark matter; Higgs mechanism; spin; fundamental
interactions.

1 Introduction
Dark energy [1], which is ∼ 69% of the universe’s mass-
energy, can coincide with the physical vacuum itself,
this is clear for instance in the cosmological constant,
Λ = κρvac, in which κ is Einstein’s constant and ρvac
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is the energy density of the vacuum, whose units corre-
spond to pressure (J/m3 = Pa), hence justifying the re-
pulsive action of dark energy. One can describe the
virtual pairs forming and annihilating in quantum vac-
uum – considered as a fundamental, scalar, quantum
field – as vortex-antivortex pairs of vacuum’s quanta,
via a mechanism analogous to the Higgs mechanism,
where phonons in the superfluid vacuum are the Nambu-
Goldstone bosons, which here trigger quantized vortices
and the mass-acquisition process, due to the interaction
with diffused particle dark matter [2], which acts as a
dopant of the superfluid vacuum and that could be the rea-
son for vacuum dilatancy, described and proven in [22].
Hence, is the Higgs field really something different or
along with the dark sector and quantum vacuum we are
using different names to refer to the same thing? Dilatant
vacuum [22] could refer to the possible apparent viscosity
of the Higgs field. And is Higgs’ tachyonic condensate the
special Bose-Einstein condensate (BEC) described for the
vacuum? [3, 4, 5, 6, 7] If a Higgs-like mass-acquisition
process can be described in a superfluid, doped vacuum,
we are then allowed to suppose that the process is unique
and that the Higgs field coincides with the dark sector and
quantum vacuum themselves. The resulting picture is that
of a quantum scalar field whose hydrodynamics drives the
processes of spontaneous symmetry breaking and mass
acquisition, and also produces particles’ structures, inter-
actions and spin. In this framework, dark matter, as a
dopant of the vacuum, participates in the mass-acquisition
process, making the vortices heavier, and, according to
their chirality, it also allows them to exert attractive and
repulsive forces, which might correspond to fundamen-
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tal interactions. Driven by the hydrodynamics of physical
vacuum.

2 Spontaneous symmetry breaking
as a hydrodynamic process

Let φ be a complex scalar field obeying the constraint
φ ∗φ = v2(constant) and including in its Lagrangian den-
sity a potential term, λ (φ ∗φ − v2)2, with λ → ∞. We
observe a Goldstone sombrero potential with a circle of
minima (vacuum states). By φ = veiθ we redefine the
field as a real scalar field θ with no constraint and this
can correspond to a spin-0 boson, in this case a Nambu-
Goldstone boson, vθ . The U(1) symmetry transformation
corresponds to an energy shift of ∂θ = ε and does not pre-
serve the vacuum state |0〉, which is then degenerate once
the symmetry breaking occurs. The Lagrangian density
reads

L =−1
2
(∂ µ

φ
∗)∂µ φ +m2

φ
∗
φ =

=−1
2
(ive−iθ

∂
µ

θ)(iveiθ
∂µ θ)+m2v2 =

=−1
2

v2(∂ µ
θ)(∂µ θ)+m2v2.

Since the superfluid field of the physical vacuum is
taken into account, we are allowed to treat the emerg-
ing Nambu-Goldstone boson, vθ , as a phonon and this
fact is fundamental for the approach to the Higgs mech-
anism that is being presented. We know that fluids and
superfluids form a quasi-lattice within Frenkel relaxation
time, where phonon modes emerge [9]. Let us consider a
current around the first Brillouin zone of vacuum’s quasi-
lattice. We are then considering a circular phonon in the
superfluid vacuum as the event which coincides with the
formation of the Goldstone boson (massless Higgs bo-
son’s mode) and which then starts the mass acquisition
process. The symmetry-induced conserved U(1) current
is

Jµ =−v2
∂µ θ . (1)

In our case a topological (chiral) charge, Q, emerges
from the current and shifts both the ground state and θ

to a new degenerate state, let us say a different vacuum
state 〈θ〉 = −ε . Then this current connects the origi-
nal vacuum state with the Nambu-Goldstone boson state

〈0|J0(0)|θ〉 6= 0. The current must be topologically rep-
resented, within this hypothesis, as a circular phonon.
Topological states driven by chiral phonons have been
observed [10] and other circularly polarized phonons are
known, for instance, in Weyl semimetals [11].

The demonstration may start from the Bohr-
Sommerfeld relation indicating the circulation in a
quantum vortex ∮

C
pdx = nh (2)

where h is Planck constant and p is momentum. By con-
sidering a single turn, n = 1, we see that Planck constant
(the quantum of action) expresses a complete turn in a
quantized vortex. We know that the abbreviated action
for the Lagrangian is S0 =

∫
pdx. We can therefore con-

sider Planck constant as the abbreviated (quantum) action
for the Lagrangian, defining the path of the phonon. Both
are time-independent and have the same units. Finally we
use p= h̄k to refer to the phonon. The pseudo-momentum
of the phonon accords with the fact the Goldstone boson
must be massless. The quantum of action h represented
by the turn of a quantized vortex respects the principle
of least action in the superfluid vacuum. Also, in Eq. 2,
n assumes both positive and negative values representing
a vortex and an antivortex and this agrees with a chiral
gauge theory. Another hint to the validity of the hydro-
dynamic approach comes from the definition of vacuum
fluctuations, e.g. of the virtual electron-positron pairs
populating the quantum vacuum in a continuous creation
and annihilation process. It reads

∆E∆t =
h

2π
(3)

confirming that vacuum’s fluctuations are quantized vor-
tices appearing as a more favorable energy state in the su-
perfluid vacuum with respect to the symmetric “rest “state
on the top of the sombrero (spontaneous symmetry break-
ing occurs). That, taking into account the just discussed
meaning of Planck constant and also 2π in Eq. (3), refers
to a complete turn. The vacuum is in each moment per-
turbed by hydrodynamic vortical fluctuations, ∆E∆t. Re-
cami and Salesi [12] link Planck constant to spin (and zit-
terbewegung), finding the relation |s|= h̄/2: this supports
the interpretation of h as a fundamental, internal, quan-
tized motion of a particle, as described here. Moreover in
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Sect. 4 spin is described as the combined quantized cir-
culation of vacuum’s quanta in the toroidal and poloidal
directions of a torus-shaped vortex-particle. Coming back
to the reduced action, if we include the parametrization
by time we arrive to the standard action. Referred to the
Lagrangian density (1), it reads

S =
∫ (∫

L d3x
)

dt = (4)

=
∫ ∫
− 1

2 v2(∂ µ θ)(∂µ θ)+m2v2 d3x dt

by integrating over all spacetime. Now we can define the
radius of the circular phonon which is also the healing
length of the arising 3D vortex tube

ξ ≡
√

V
8πaN

(5)

where V is the volume in the vacuum in which the vortex
arises, a is the scattering length and N a normalized num-
ber of vacuum’s quanta in the volume. We see that, in the
Goldstone argument, the (topological) charge operator Q
is independent of time

d
dt

Q =
d
dt

∫
x
J0(x) = 0 (6)

implying zero-frequency vacuum states, exactly as the ab-
sence of time parametrization in the abbreviated action
S0 = h. Indeed, the circulation path of the phonon does
not change in time and refers to a topological (chiral)
charge. Here the vacuum is annihilated and we cannot
have a mass gap. Thus, the circular phonon produced
in the vacuum (the Nambu-Goldstone boson) via spon-
taneous symmetry breaking is massless and corresponds
to a quantized hydrodynamic excitation in the vacuum.
This circular phonon moving around the bottom of the
Goldstone’s sombrero only has kinetic energy. Once these
phonons join the massless gauge bosons of the Yang-Mills
theory, we know they produce the massive bosons W±, Z,
completing the Higgs mechanism; and this also holds for
fermions but, as we know, via the Yukawa coupling. Let
us for instance consider the interaction Lagrangian of lep-
tons with the Higgs

Lint = ge
(
L̄φe−R +φ

†ē−R L
)

(7)

which is invariant in SU(2) and where ge is an arbitrary
constant, meaning that masses are predicted by the Higgs

mechanism but have to be measured. With

φ → 1√
2

(
0

v+H

)
(8)

Lint =
gev√

2

(
ē−L e−R + ē−R e−L

)
+

ge√
2

(
ē−L e−R + ē−R e−L

)
H,

(9)
where the mass of the electron is gev√

2
= me. Here mass, as

an observable, arises from the kinetic energy of vacuum’s
quanta (the vortex) triggered by the Nambu-Goldstone bo-
son (the phonon) but the presence of a dopant (in this case
particle dark matter) in the superfluid vacuum is funda-
mental (as discussed in Sect. 3 and seq.). The different
masses of the Standard Model might depend on different
Brillouin zones of vacuum’s quasi-lattice involved in the
generation of Goldstone bosons and vortices (following
the canonical evolution: vortex tube→ vortex torus) and
on different Bogoliubov excitation modes. Ultimately, the
Higgs boson itself results as an excitation of the Higgs
field, probably a hydrodynamic excitation of the doped
vacuum.

3 From Goldstone bosons to Bose
polarons via vacuum-dark matter
interaction

As a further stage in the mass-acquisition process, it is
hypothesized that the interaction of the Goldstone boson
(phonon) with dark matter’s particles, acting as a dopant
of the superfluid vacuum, originates a Bose polaron. It
is believed that dark matter is concentrated in the galac-
tic discs, where it is responsible for the flat profile of the
rotation curve, and in cosmic filaments, but dark matter
particles can be also diffused throughout the vacuum. If
the transferred momentum-energy is resonant with a Bo-
goliubov sound mode in the BEC, the resulting interac-
tion can be strong even for weak impurity-boson interac-
tion. The phonon-dark matter polaron represents the sub-
sequent stage toward the formation of a massive free par-
ticle. The Bogoliubov spectrum of the superfluid vacuum
can be expressed in the form

εk =
√

Ek (Ek +2n0gc), (10)
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where n0gc = 4π h̄2a/mQ is the chemical potential (mQ
is the mass of a vacuum’s quantum), a is the scattering
length and Ek = h̄2k2/2m. We have a phonon regime for
kξ � 1, εk = h̄ck, with c speed of sound in the superfluid
and critical speed for superfluidity, and a free-particle
regime for kξ � 1, in which εk = Ek. It is interesting
to notice that the successful computations in [22] clearly
suggest that the speed of sound in the dilatant vacuum cor-
responds to the speed of light: as vacuum solidification
occurs, due to shear stress, only sound can travel through
vacuum’s quasi-lattice and, after all, dilatant vacuum al-
lows transverse-wave propagation at very high frequen-
cies, compatible with light propagation. This may help in
calculating the Bogoliubov excitation spectrum for quan-
tum vacuum. The final passage from the Bose polaron to
a massive fermion occurs via the Yukawa interaction. Let
us consider mobile impurities (dark matter particles) in a
BEC of vacuum’s quanta, whose Hamiltonian is

H = ∑k ε
Q
k b†

kb̂k +
gQ
2V ∑k,k′,q b†

k+qb†
k′−qbk′bk +

+∑k ξkd†
kdk +

g
V ∑k,k′,q b†

k+qd†
k′−qdk′bk, (11)

where b†
k and d†

k create a boson and a dark matter par-
ticle (impurity) respectively, with momentum k, V is a
volume, ε

Q
k is the kinetic energy of a vacuum’s quantum

and ξk = k2/2m− µ is the kinetic energy of dark mat-
ter particles, with µ chemical potential. In Eq. (11) gQ
and g respectively represent the interaction strength be-
tween vacuum’s quanta and between a quantum of vac-
uum and a particle of dark matter, case in which a Bose
polaron arises. The vacuum’s quanta involved in polarons
formation are those partecipating in the phonon dynam-
ics (Sect. 2). In this way the circular phonon starts to
acquire mass becoming a free massive particle, in the
form of a torus vortex, as discussed below. The Nambu-
Goldstone boson’s pseudo-momentum changes into a real
momentum, thanks to dark matter’s contribution. Consid-
ering Eq. (10) and the Green’s function [13] G(p,z)−1 =

G0 (p,z)−1−∑(p,z), where p is the momentum of a po-
laron and G0 (p,z)−1 = z− ξp and ∑(p,z) are the non-
interacting Green’s function and the self-energy (respec-
tively), the energy of the polaron is found via

εp = ξp +Re∑(p,εp) (12)

where a polaron is well-defined, since a small imagi-
nary part of the self-energy is taken into account and the

residue of the polaron,

Zp =
(
1−∂ ∑(p,z)/∂ z

)−1
∣∣∣
z=εp

(13)

is close to unity. To first order in a the energy shift of
the polaron is T nQ, where T = 2πa/mr (with mr the
reduced mass) is the zero-energy scattering matrix vac-
uum’s quantum-dark matter particle; T nQ does not de-
pend on dark matter concentration. To second order in
the scattering length, still considering unitary residue and
with εp = ξk, one obtains Landau’s effective interaction
between two polarons with momenta p1,p2 as

f (p1,p2) =±T 2
χ (p1−p2,ξp1 −ξp2) , (14)

where χ (p,z) = n0 p2/
(
mQ
(
z2−E2

p
))

defines the
density-density correlation of the BEC at a zero temper-
ature. From Eq. 14 we obtain the Yukawa interaction in
real space, given by

f (r) =−T 2n0mQe−
√

2r/ξ

πr
, (15)

with r the distance between dark matter particles and ξ

the healing length (5) (and coherence length of the con-
densate). Through the interaction with particle dark mat-
ter in the polaron, the initial Goldstone boson (phonon)
acquires mass and becomes a vortex tube in the doped
vacuum. Then, obeying Helmholtz’s second theorem, the
tube assumes the form of a torus, in which the dynamics
of spin takes form, as discussed below. It is also interest-
ing to reflect on the fact that, if a vortex-particle (e.g. a
fundamental fermion) attracts diffused dark matter’s par-
ticles, this must be true also on macroscopic scale, as
far as baryon matter-dark matter interaction is concerned;
this could justify the concentration of dark matter where
also baryon matter is concentrated, such as in the galactic
discs.

4 Spin from vortex dynamics
As here physical vacuum is considered as a doped BEC
[3], one can start to describe its hydrodynamic behavior
from the Gross-Pitaevskii equation (GPE) [14]

ih̄
∂ψ

∂ t
=− h2

2m
∇

2
ψ +gψ |ψ|2−ψµ0 (16)
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where ψ is the condensate wave function, with m as
the mass of a quantum, µ0 the chemical potential and
g = 4πah̄2/m a low-energy parameter, where a is again
the scattering length between quanta. In the phase repre-
sentation ψ =

√
ρeiϕ , ρ is vacuum density. From (16) we

can write the hydrodynamic equations, i.e. the continuity
equation and the analogue of the Euler equation

∂ρ

∂ t
+∇ · (ρdvS) = 0 (17)

m
(

∂ρ

∂ t
+vS ·∇

)
vS = ∇

(
µ0−gρ +

h̄2

2m
∇2√ρ
√

ρ

)
(18)

where vS =
h̄
m ∇ϕ is the superfluid velocity and

h̄2

2m
∇2√ρ
√

ρ
(19)

represents the quantum potential. Since the condensate
must be a continuous function in space, its phase is contin-
uous modulo 2π . Let us therefore define again the quan-
tized circulation (Γ), analogously to Eq. (2), through the
line integral∮

C
dx ·vS =

2π h̄
m

n≡ Γ (n = 0,±1,±2, ...) (20)

in which C is a close loop in space that must encircle a
vortex line, corresponding to the circular path of the Gold-
stone phonon (Sect. 2) at the origin of the vortex, where
ψ = 0 and the superfluid’s density vanishes. According
to Helmholtz’s second theorem, the vortex line, if it does
not end on a boundary, must form a closed loop and it will
indeed form a vortex ring, or we should say a vortex torus.

The problem of ultraviolet divergence and of the radius
of the fundamental particles is solved in this approach
by the fact that we do not deal with point-particles, as
believed in the current theoretical framework, but with
toroidal vortices of vacuum’s quanta, with radius r = 2ξ ,
with ξ defined in Eq. (5). Here the ratio of the velocities
v1 and v2 of vacuum’s quanta in the vortex (Fig. 1) can
satisfactorily represent all spin numbers. On a different
basis, a hydrodynamic reformulation of the Barut-Zanghi
theory, which includes spin, was proposed by Salesi and
Recami [16], who suggest [17] that the quantum potential
of a particle

Q =−1
2

m~v2
S−

1
2

∇ ·~vS (21)

Figure 1: On the left: a vortex line with healing length ξ , actually
a vortex tube. On the right: a vortex ring (vortex torus) where v1 is
the toroidal velocity, v2 the poloidal velocity and v3 the translational
velocity of the vortex.

(using natural units, h̄ = 1) may totally arise from its in-
ternal motion~vS×~s, where

~vS =
1

2m
ρ
−1

∇ρ =
1

2m
∇R2

R2 , (22)

being ~s the direction of spin. By looking at spin as in-
ternal motion, the link with the concept of vortex-particle
is quite immediate. Any different spin has however to be
now explained. In this work, torus-shaped vortices (Fig.
2) are considered. Also Villois, Krstulovic et al. ana-
lyze vortex tubes evolving into vortex tori in superfluids
[18] and demonstrate the emergence of non-trivial topol-
ogy. Their geometry seems to well account for the spin
of fundamental particles. The vortex is triggered by the
Nambu-Goldstone boson (phonon) whose chirality is then
kept by the quantum vortex (by the resulting massive bo-
son or fermion).
If a vacuum’s quantum flowing in the torus-vortex needed

the same time the vortex needs to complete two turns in
the toroidal direction to return in the same position after
having completed one turn in the poloidal direction, then
the vortex would have spin-½ (fermion), i.e. the system
returns in the same state after a toroidal rotation of 720°,
after each quantum forming the vortex has moved along
a Möbius-strip path (Fig. 2 on the left). It is interest-
ing to notice that such a bi-component spin can explain
in mechanical terms any other type of spin as the ratio
of toroidal to poloidal rotations. Defining ω1, ω2 as the
angular velocities for the cited directions (respectively),
the spin angular momentum (S) is determined by the ratio
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Figure 2: Vortex torus. The ratio of the toroidal angular velocity to the
poloidal one may determine the spin of a particle. Each quantum of the
superfluid vacuum forming the torus vortex flows along a Möbius-strip
trajectory. Given the ratio 1/2 of the poloidal angular velocity to the
toroidal angular velocity, each quantum returns in its starting position
after a 720° rotation of the particle. These characteristics are for instance
typical of fermions spin-½. On the right a simulation with 12 vacuum’s
quanta.

ω1/ω2 = (nπ/dt)/(2π/dt) and after the cancellations

ω1

ω2
=

n
2
= S. (23)

One poloidal revolution each two toroidal rotations corre-
sponds to spin-½. The case of spin-0 may be determined
by further evolution of the horn-torus into a spheroidal
vortex. The parametric equation defining the position of a
quantum in the torus-vortex can be expressed as follows

x = (r+ξ cos(ω1dt +φ0))cos(ω2dt +θ0)

y = (r+ξ cos(ω1dt +φ0))sin(ω2dt +θ0)

z = ξ sin(ω1dt +φ0)

(24)

where r ≥ 2ξ is the distance between the center of the
tube and that of the torus, ω1 = dφ/dt, ω2 = dθ/dt and
φ0 and θ0 are phases having arbitrary values between 0
and 2π .
The toroidal shape of fundamental particles may also re-
sembles the theorized loops in Loop Quantum Gravity
[19, 20]. In our case, however, on a higher scale, to de-
scribe particles but it is not excluded that also vacuum’s
quanta may have a loop-like geometry. At the same time,
we can also notice a certain similarity between a vortex
line and a string. Could then vacuum’s characteristics and
dynamics reconcile different approaches? To conclude
this section about spin, it is also interesting to consider

that an opportune change in the ratio revolutions/rotations
in the vortex would leave the particle’s mass unvaried but
would transform a boson into a fermion or vice versa.
Thus, a varying ratio may be important also for under-
standing the quantum mechanical foundations of super-
symmetry. Eventually, it should be noted that chiral vor-
tices are also able to represent matter-antimatter parity.

5 Hydrodynamic interactions

Let us refer to Pshenichnyuk [21], who studied the hy-
drodynamic interactions between quantum vortices in a
doped superfluid, to reflect on the fact that quantum vor-
tices in the superfluid vacuum would probably not behave
as we would expect, to be able to justify fundamental in-
teractions, without including a dopant, as indeed done in
this work, by resorting to dark matter. In [21] a superfluid
is considered in which doping particles change the way
the vortices forming in the superfluid interact. The in-
teractions are attractive or repulsive forces and occur via
the Bernoulli effect. Interestingly, once the superfluid is
doped, the interactions between two vortices match the
mathematical behavior of Coulomb’s law, or of Gauss’s
law for gravity. This is a very important clue when we
describe the fundamental particles of the Standard Model
as quantum vortices in a doped vacuum. Of course, we
immediately think of dark matter as the most probable
dopant of the superfluid vacuum, that is of dark energy.
One therefore comes to the picture of a bi-component
vacuum, of which dark energy is the greater, superfluid
part. The presence of a dopant in the vacuum is probably
also the reason for the dilatant behavior of the vacuum,
as demonstrated via the exact solutions of the Pioneer
anomaly and of Mercury’s perihelion precession in [22].
Not simply a superfluid then but a bi-regime quantum vac-
uum, which passes to a dilatant (relativistic) regime as
shear stress increases. As shown in [23], this is also the
reason for the apparent relativistic mass increase in spe-
cial relativity, actually due to the viscous force of dilatant
vacuum. Let us come back to the dynamics of forces be-
tween quantum vortices. Pshenichnyuk, as well as Huang
[7], confirms that attraction or repulsion between vortices
(depending on their chirality) is driven by the Bernoulli
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force. This reads

Fb =
∫

S
K(r)n(r)dS (25)

where K(r) = ρv2/2 hydrodynamically expresses the
density of kinetic energy, which dominates on the vor-
tex surface, while the density of the superfluid drops to
zero within the healing distance, and n(r) is a unit vec-
tor normal to the surface S, over which the integral is
calculated. Bernoulli force arises in a superfluid as a su-
perposition of the vortices’ velocity fields obeying a 1/r
function. Points where the fields reinforce each other and
points where their interaction makes them weaker, gener-
ate a pressure-related Bernoulli effect. We notice that Eq.
25 mathematically equals Gauss’s law for gravity, which
is equivalent to Newton’s law of universal gravitation

Fg =
∫

S
g(r)n(r)dS (26)

and also Coulomb’s law is equivalent to Gauss’s law
for the electric field, hence also to the Bernoulli force.
Indeed, when we consider the force due to a spatially
extended body with charge density ρ , the sum of the
electric fields of an arbitrary amount of point charges,
∑k=1,n e(Qi), becomes an integral over infinitesimal vol-
ume elements of the body

e =
1

4πε0

∫
V

ρ

|r−r′|2
r̂dv (27)

which, via the definition of divergence, is equivalent to
Gauss’s law and, mathematically, also to Bernoulli force.
The force is repulsive if the vortices possess the same
chirality or attractive if they have different chirality, ex-
actly as positive/negative electric charges in Coulomb’s
law. The kinetic energy density acting on the dopant’s
particles, caused by the velocity fields of the superfluid
vortices can be written as [21]

K++ =
h̄2

2mQ

ψ2
∞

(
4R2 +d2−4Rd cosα

)
(R2 +ξ 2)(R2 +d2 +ξ 2−2Rd cosα)

, (28)

K+− =
h̄2

2mQ

ψ2
∞d2

(R2 +ξ 2)(R2 +d2 +ξ 2−2Rd cosα)
, (29)

where ++ /+− signs refer to same or different topo-
logical charges denoting repulsion or attraction, d is the

Figure 3: Simplified representation of a proton as a system of three
interacting vortex-tori (quarks) in mutual (non-destructive) spin config-
uration. The gluon flow is represented as the exchange of vacuum’s
quanta coupled with dark matter particles which directly arises from the
interaction of the velocity fields of the vortices due to short distance be-
tween them. Animated version available online at [26]

distance between the vortices, R the radius of a doping
particle, ξ the healing length and α the azimuthal angle in
cylindrical coordinates which is associated with the dop-
ing particle. It is important to reflect that Gauss’s law de-
scribes gravity as a virtual incoming flux, but in [24, 25] it
is hypothesized that a real incoming flow exists and cor-
responds to the gravitational field. If that were demon-
strated, quantum gravity would be defined as a hydrody-
namic force in a doped vacuum, with no need for elusive
gravitons. Interactions between vortices at a distance have
been discussed.
Finally it is interesting to reflect on the hydrodynamics
of torus-vortices put at a very short distance, to also an-
alyze the strong interaction. Fig. 3 shows three quarks
(with blue, green and red charge, respectively) in a pro-
ton, as three torus vortices with mutual spin, i.e. in a
non-destructive topology, as regards the sense of toroidal
rotations (spin ½, -½, ½). That also agrees with Pauli ex-
clusion principle and let us suppose that two fundamen-
tal fermions, e.g. two electrons, would annihilate if they
got in contact both with spin ½ or -½ but matter-matter
(vortex-vortex) annihilation, albeit possible according to
the hydrodynamics of vortices, would be however avoided
by electrostatic repulsion and Pauli exclusion principle.
Figure 3 also represents the gluon flow as a continu-
ous flow of vacuum’s quanta and dark matter particles
(grouped in the gluon) which proceed from one vortex
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to another, according to the gluon exchange of quantum
chromodynamics, occurring between quarks, and to the
fact that this gluon flow changes the color of the quarks,
passing from one to another. Here the wavefunctions are

ψ1 = |rḡ〉 , ψ2 =
∣∣rb̄
〉
,

ψ3 = |gr̄〉 , ψ4 =
∣∣gb̄
〉
,

ψ5 = |br̄〉 , ψ6 = |bḡ〉 , (30)

ψ7 =
1√
2
|rr̄〉−

∣∣bb̄
〉
, ψ8 =

1√
6
|rr̄〉+

∣∣bb̄
〉
−2 |gḡ〉 .

Therefore, the structure of a quark would not be static,
as for a solid object, but fluid (with spin representing
the internal flow) since the constituents of a quark, i.e.
the quanta of the doped vacuum, not only circulate in
the torus-vortex but also flow from a quark to another
within the hydrodynamic mechanism of strong interac-
tion. According to what previously discussed, dark matter
–– specifically its momentum in the gluon flow driven by
vacuum’s quanta flowing from a vortex to another –– is
again responsible for the mass of the particle. In Fig. 3
the flux tubes are evident: here thin for greater simplicity
but they are actually much broader flows (see [28, 26]).
This visual representation is in some respects similar to
the topological model for interacting quarks presented by
Jehle [27] and also agrees with the color field dynamics
of Cardoso’s gauge SU(3) QCD lattice simulations [28],
which investigate the structure of the colour fields; the
field in Fig. 3 could also assume L-shaped geometry.
There, all nine generators of the group U(3) are repre-
sented, though for the group SU(N = 3) one instead ob-
tains N2−1 = 8 generators, giving the gluon octet.

Conclusion
As we can see, according to the Ockham razor, vortex-
particles in a superfluid, doped vacuum are the simplest
solution to explain massive particles, their interactions
and spin as quantum hydrodynamic phenomena. Planck
constant itself corresponds to one turn of a quantum vor-
tex (a quantum of action). Such an approach probably
deserves therefore greater and renewed attention. As re-
gards the Higgs mechanism, circularly polarized phonon
in the superfluid vacuum, playing the role of the Nambu-
Goldstone bosons, can trigger the mass-acquisition pro-

cess, becoming Bose polarons by coupling with parti-
cle dark matter, and finally torus-vortices, which fully
represent spin as the hydrodynamic ratio of revolutions
to rotations. The vortices can also produce the funda-
mental interactions of the Standard Model (which are
therefore read not as fundamental but as apparent hy-
drodynamic forces) via the Bernoulli force acting be-
tween them, where electric charges arise from the topo-
logical charges of the vortices, depending on their chi-
rality. Forces can be therefore both attractive and repul-
sive. About the role of particle dark matter as a dopant,
when we come, in this model, to the strong interaction
and to the gluon flux, the possibility that gluons coincide
with dark matter’s particles grouped with (or driven by)
vacuum’s quanta is high. Also the exchange of virtual
photons (gauge bosons in both cases) in the electrostatic
interaction may be revisited in the light of the exchange
of vacuum’s quanta and particle dark matter between the
vortices.
Within this approach, the reality that we observe and
which we are part of, i.e. that ∼ 5% of baryon mat-
ter in the universe, would be nothing but the joint prod-
uct of the hydrodynamics of superfluid dark energy (the
vacuum) and particle dark matter (the dopant), which to-
gether are dilatant vacuum [22], the remaining ∼ 95% of
mass-energy in the universe.
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