ISSN 2976 - 730X

IPI Letters 2024,Vol 2 (1):45-49

https://doi.org/10.59973/ipil.60

etters "
Accepted: 2024-03-21

Published: 2024-03-22

Article

From Phonons to Dark Photons.

The Role of Quantum Vacuum BEC
in Dark Matter Research

Alessandro Rizzo'*

!Sonoluminescence, Ciaoidea Lab, Brescia, 25100, Italy

*Corresponding author (Email: lab@ciaoidea.it)

Abstract - Exploring the quantum vacuum as a dynamic Bose-Einstein Condensate (BEC), this study draws
a parallel between phonons and photons to reveal how dark photons can be transformed into visible light.
Through phonon-photon interactions, akin to sonoluminescence, we demonstrate the quantum vacuum’s ability
to illuminate dark matter phenomena. By adapting Einstein’s Field Equations, we present a model showcasing
spacetime’s responsiveness to both visible and dark matter. The process of quantum vacuum cavitation un-
derscores phonons’ crucial role in bridging dark and visible realms, providing novel insights into the universe’s

dark sector.
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1 Understanding Photons and Phonons

1.1 Photon Fundamentals

Photons, the carriers of electromagnetic force, follow Maxwell’s equations in a vacuum. These
fundamental laws describe how electric (E) and magnetic (B) fields interact and propagate
through space at the speed of light (¢). The equations, devoid of charge or current sources, are
succinctly presented as:

V-E =0, (1)
V-B=0, (2)
0B
E- -2
V X 5 (3)
1 0E
B- -2 4
VX c? Ot (4)

This mathematical framework lays the groundwork for our understanding of light propagation
and electromagnetic wave dynamics.
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1.2 Phonon Mechanics

Phonons represent the quantized form of lattice vibrations, analogous to how photons embody
quantized electromagnetic waves. Within a simplified one-dimensional lattice model, phonons
arise from the harmonic oscillations of atoms:

d?u,,
dt?

m = k(unt1 — un) — k(uy — up-1), (5)
where u,, is the displacement of the n-th atom from its equilibrium position, m is the mass
of an atom, and k is the spring constant representing atomic bonding strength. This equa-
tion, through Fourier transform, reveals the normal modes signifying phonons, thus connecting
atomic-scale vibrations to quantized energy carriers in solids. [1]

1.3 Photon-Phonon Interactions

Interactions between photons (light particles) and phonons (vibrational energy quanta in solids)
are pivotal for understanding material properties. One of the most illustrative examples of
this interaction is Raman scattering, a process where incoming light photons interact with
the phonons in a material, leading to a change in the light’s frequency. This phenomenon is
governed by the interaction Hamiltonian:

Hint — —D : E, (6)

where D denotes the dipole moment induced by phonons, and E is the electric field of the in-
teracting photon. This interaction mechanism underpins how material vibrations can influence
the propagation and characteristics of light, offering a window into the material’s quantum
mechanical properties.

1.4 TUnderstanding Raman Scattering

Raman scattering serves as a practical tool for probing the interaction between light and matter
at a quantum level. It is quantitatively described by the energy shift equation:

AFE = hwphonona (7)

where AFE represents the change in energy of the photon post-interaction, and Awphonon is the
energy associated with the phonon involved in the process. This equation succinctly captures
the essence of Raman scattering, highlighting the energy transfer that occurs when photons
scatter off the phonons in a material, which in turn provides insights into the material’s vibra-
tional modes and structural properties.

1.5 Exploring the Parallels between Sound and Light

Sound and light, fundamental to our understanding of the universe, exhibit intriguing parallels
despite their distinct natures. Sound, a mechanical wave, necessitates a medium for its propa-
gation, whereas light, an electromagnetic wave, traverses even the vacuum of space. Yet, their
underlying physics reveal a deep-seated symmetry.

Mathematical Descriptions: For sound, the wave equation in a medium is given by:

0% 1 0%
o7 o ®)

with v =, /%, the speed of sound, where 1 represents the wave function, pg the medium’s

density, pg its pressure, and ~ the adiabatic index.
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Light’s behavior in vacuum is described by Maxwell’s equations, leading to a wave equation
for the speed of light c:

(9)

where 1o and ¢y are the vacuum permeability and permittivity, respectively.

Energy Dynamics: A profound connection emerges in the energy propagation equations for
sound and light. For sound:

E = pyy = pov”, (10)

mirroring the iconic relation in physics for light and mass [2]:

E = pc = mc*. (11)

These equations, while describing different phenomena, underscore a universal principle of
energy propagation in physics.

Special Relativity and Fluid Dynamics: Special Relativity introduces the relativistic mass
equation:

m= (12)

JI-F

with £ as the velocity to light speed ratio. A similar transformation exists in fluid dynamics,
known as the Prandtl-Glauert transformation [3]:

= $7 (13)

where ¢, is the pressure coefficient and M the Mach number. This resemblance further illus-
trates the harmonious nature of physical laws, bridging the gap between quantum phenomena
and classical mechanics.

These mathematical and conceptual parallels not only enhance our comprehension of sound
and light but also hint at a more unified understanding of the physical world, inviting further
exploration into the interconnectedness of quantum mechanics, relativity, and fluid dynamics.
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Table 1: This table presents a comparison of fundamental concepts across Quantum Mechanics/ Special Relativity (QM/SR)
and Fluid Dynamics, highlighting analogous behaviors that suggest phonons in fluid dynamics may exhibit parallel behaviors to

photons in QM/SR, particularly in the context of dark matter interactions.

Concept
Energy

Mass-Energy

Propagation Speed

QM/SR

E=hv

(Planck’s equation for
photon energy)

E = mc?

(Einstein’s mass-energy
equivalence for parti-

cles)
1

Ve
(Speed of light in vac-

uum, fundamental limit

CcC =

Fluid Dynamics
AE = hwpn
(Change in energy due
to phonon vibration,
analogous to photon en-
ergy change)
E = pv?
(Kinetic energy in flu-
ids, echoing the mass-
energy relationship)

1

Uziﬁ

(Speed of sound in a
medium, influenced by

in QM/SR) energy density, paral-
leling the propagation
limit)
C
Mass/Speed m:\/’% cp:\/lfow

(Prandtl-Glauert trans-
formation, analogous to
relativistic
mass with speed)

(Relativistic mass in-

crease with velocity)
effects on

This table elucidates the foundational parallels between the behavior of phonons in fluid
dynamics and photons within the frameworks of quantum mechanics and special relativity.
By highlighting these analogies, we suggest that phonons might be conceptualized as ”dark
photons,” potentially offering a novel perspective on dark matter and energy. This proposition
invites further exploration into the quantum mechanical properties of phonons and their role in
the cosmos, potentially bridging the gap in our understanding of visible and non-visible matter
and energy.

2 Sonoluminescence and Quantum Vacuum Radiation

Quantum field theory has unveiled the quantum vacuum not as an empty void but as a dynamic,
active state, akin to a Bose-Einstein Condensate (BEC)[4]. This revelation marks a paradigm
shift, portraying the vacuum as a superfluidic medium filled with virtual particles and energy
fluctuations. Such an understanding deepens the context of Einstein’s Field Equations [5],
emphasizing the interplay between visible and dark matter and portraying spacetime as an
entity that dynamically responds to these diverse forms of matter.
Central to General Relativity, Einstein’s Field Equations:
= 87T,

G + Agpw s (14)

describe the relationship between spacetime curvature and energy-momentum distribution.
Here, G, signifies spacetime curvature, A represents the cosmological constant, g, is the
metric tensor, and T, aggregates the energy-momentum tensor from both visible (7};,) and
dark matter (77,):

T, =T, + 15, (15)

In this dynamic interplay, phonons—conceptualized as quasiparticles akin to vibrations
within a material—are posited as the mediators of dark matter transformation. These phonons,
understood within the context of the BEC-like quantum vacuum, can be likened to ”invisible
photons” that propagate through this medium of dark or invisible energy. The process of
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dark matter ”cavitation,” drawing parallels to sonoluminescence [6], provides a theoretical
framework for how dark matter condensation could lead to the generation of visible matter. This
perspective not only underscores the vacuum’s role as a facilitator of energy transformations
but also maintains the foundational integrity of Einstein’s equations.

Merging the contributions of visible and dark matter, and acknowledging the quantum
vacuum’s BEC-like characteristics, offers a nuanced view of cosmic interplay. Grounded in
the fundamental laws of physics, this approach explores the potential of the quantum vacuum
to act as a bridge between the realms of visible and invisible matter, enriching our cosmic
understanding without suggesting fundamental alterations to Einstein’s Field Equations.

The conceptualization of the quantum vacuum as a BEC, teeming with phonons that might
transform dark energy into detectable forms, invites further exploration into the nature of mat-
ter and energy transitions. The interaction between high-energy electromagnetic fields and the
quantum vacuum’s energy state [7] emphasizes the profound connection between electromag-
netic phenomena and the quantum fabric of the universe, fostering a deeper comprehension of
the cosmos’s structure and the enigmatic nature of dark matter and energy.
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