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Abstract

This paper introduces the Spacetime Superfluid Hypothesis (SSH) to readers
unfamiliar with the theory and explores how it provides a novel explanation for
the expulsion of magnetic fields in superconductors. By modeling spacetime as
a superfluid with a complex order parameter, the SSH offers a framework where
electromagnetic fields emerge from the dynamics of this superfluid. We discuss the
fundamental concepts of SSH, provide a rigorous derivation of how known electro-
magnetic phenomena emerge within this framework, and explore how superconduc-
tivity can influence the spacetime superfluid to expel magnetic fields, consistent
with the Meissner effect observed in conventional superconductivity. We also pro-
pose potential experiments that could validate or refute the SSH, strengthening
the scientific merit of the hypothesis. This approach provides new insights into the
interplay between superconductivity and the fabric of spacetime.

1 Introduction

Superconductivity is a quantum phenomenon where certain materials exhibit zero electri-
cal resistance and expel magnetic fields below a critical temperature [1]. The expulsion
of magnetic fields is known as the Meissner effect and is a defining characteristic of
superconductors.

The Spacetime Superfluid Hypothesis (SSH) is a theoretical framework that models
spacetime itself as a superfluid [2] [3]. In this context, particles and forces emerge from
the dynamics of this spacetime superfluid. This paper aims to introduce the SSH to
readers unfamiliar with the theory, provide a rigorous derivation of how electromagnetic
phenomena emerge, and explain how superconductors interact with the spacetime super-
fluid to expel magnetic fields. We also discuss potential experiments that could test the
validity of the SSH.
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2 Overview of the Spacetime Superfluid Hypothesis

2.1 Conceptual Foundations

The Spacetime Superfluid Hypothesis proposes that spacetime is not merely a passive
backdrop but a dynamic superfluid medium. In this view:

� Spacetime as a Superfluid: Spacetime possesses properties analogous to a su-
perfluid, characterized by a macroscopic quantum state.

� Order Parameter: The state of the spacetime superfluid is described by a complex
order parameter ψ(r, t) = |ψ|eiS(r,t), where |ψ| is the amplitude and S(r, t) is the
phase.

� Emergent Phenomena: Particles and forces emerge from excitations and topo-
logical defects in the spacetime superfluid.

2.2 Mathematical Framework

The dynamics of the spacetime superfluid are described by a modified nonlinear Schrödinger
equation (NLSE):
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where:

� ℏ is the reduced Planck constant.

� m is an effective mass parameter.

� V (|ψ|2) represents self-interactions in the superfluid.

� λ is a coupling constant.

� q is an effective charge coupling constant.

� A and ϕ are the electromagnetic vector and scalar potentials.

� E and B are the electric and magnetic fields.

The minimal coupling through A and ϕ incorporates electromagnetic interactions into
the dynamics of the superfluid.
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3 Emergence of Electromagnetic Fields in SSH

3.1 Rigorous Derivation of Electromagnetism

To derive electromagnetic phenomena within the SSH framework, we start by considering
the superfluid’s order parameter ψ(r, t) = |ψ|eiS(r,t). The superfluid velocity v is defined
as:

v =
ℏ
m

(
∇S(r, t)− q

ℏ
A
)

(2)

Assuming the superfluid is irrotational (i.e., ∇× v = 0) in regions without vortices,
we can express the electromagnetic vector potential A in terms of the phase gradient:

A =
ℏ
q
∇S(r, t)− m

q
v (3)

In regions where the superfluid is at rest (v = 0), this simplifies to:

A =
ℏ
q
∇S(r, t) (4)

The magnetic field B emerges from the curl of A:

B = ∇×A =
ℏ
q
∇×∇S(r, t) (5)

Since the curl of a gradient is zero for single-valued, smooth functions, non-zero mag-
netic fields arise from regions where S(r, t) is multi-valued or has singularities, such as in
the presence of topological defects or vortices.

The electric field E is derived from the scalar potential ϕ and the time derivative of
A:

E = −∇ϕ− ∂A

∂t
(6)

In the SSH, the scalar potential is related to the time derivative of the phase:
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Substituting this into the expression for E:
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This suggests that in regions where ∇ and ∂/∂t commute and S is smooth, the
electric field vanishes. Non-zero electric fields arise from time-dependent phase variations,
especially in the presence of discontinuities or singularities.
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3.2 Gauge Invariance and Maxwell’s Equations

The modified NLSE is gauge invariant under transformations:

ψ → ψ′ = ψeiχ(r,t) (9)

A → A′ = A+∇χ(r, t) (10)

ϕ→ ϕ′ = ϕ− ∂χ(r, t)

∂t
(11)

This gauge invariance is consistent with electromagnetic theory and ensures that phys-
ical observables are unaffected by the choice of gauge.

By applying the Madelung transformation, we can rewrite the modified NLSE in
terms of hydrodynamic equations, leading to continuity and Euler-like equations that
correspond to the fluid dynamics of the superfluid and reproduce Maxwell’s equations
under appropriate conditions.

4 Superconductivity and the Expulsion of Magnetic

Fields in SSH

4.1 Conventional Understanding of the Meissner Effect

In traditional superconductivity, the Meissner effect is explained by the development of
supercurrents that generate magnetic fields opposing the applied field, effectively cancel-
ing it within the material [1]. This results from the minimization of the free energy in
the presence of electromagnetic fields.

4.2 SSH Explanation of the Meissner Effect

Within the SSH framework, the superconducting state influences the spacetime super-
fluid’s phase, leading to the expulsion of magnetic fields.

4.2.1 Modification of the Superfluid Phase

When a material becomes superconducting:

� Phase Locking: The superconducting order parameter enforces a uniform or syn-
chronized phase within the superconductor.

� Suppression of Phase Gradients: The gradient ∇S(r, t) inside the supercon-
ductor becomes minimized or constant.
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4.2.2 Elimination of Magnetic Fields

Since the magnetic field is related to the phase gradient:

B = ∇×A =
ℏ
q
∇×∇S(r, t) (12)

A constant phase gradient implies:

∇×∇S(r, t) = 0 (13)

Thus, the magnetic field inside the superconductor vanishes.

4.3 Energy Minimization and Coupling Effects

The total energy of the system includes contributions from the superfluid kinetic energy
and the electromagnetic fields:
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By eliminating the magnetic field within the superconductor, the system reduces the
energy associated with B2, leading to a lower energy state.

4.4 Surface Currents and Boundary Conditions

The expulsion of magnetic fields leads to the development of surface currents at the
boundary of the superconductor:

� Surface Currents: Supercurrents flow along the surface to maintain B = 0 inside,
satisfying Maxwell’s equations and boundary conditions.

� Adjusting the Phase: The phase of the superfluid order parameter adjusts at
the boundary to match the external magnetic field, leading to a decay of the field
within a characteristic length scale.

4.5 Analogy with London Equations

The London equations describe the electromagnetic response of superconductors:

∇2B =
1

λ2L
B (15)

where λL is the London penetration depth. In the SSH framework, the suppression of
∇S(r, t) within the superconductor leads to an exponential decay of the magnetic field
at the surface, consistent with the London penetration depth:
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B(x) = B0e
−x/λL (16)

where x is the distance into the superconductor from the surface.

5 Potential Experiments to Test the SSH

5.1 Precision Measurements of Magnetic Field Expulsion

5.1.1 Objective

To detect deviations from the conventional Meissner effect predicted by the SSH, poten-
tially observable in high-precision magnetic field measurements near superconductors.

5.1.2 Experimental Setup

� Utilize high-sensitivity SQUID magnetometers to measure magnetic fields near su-
perconducting samples.

� Compare the spatial decay of the magnetic field with predictions from both con-
ventional superconductivity and the SSH.

5.1.3 Expected Outcome

The SSH may predict subtle differences in the magnetic field profile near the supercon-
ductor due to the influence of the spacetime superfluid. Detecting such differences would
provide evidence in support of the SSH.

5.2 Interference Experiments with Superconducting Rings

5.2.1 Objective

To observe quantum interference effects that could reveal the role of the spacetime su-
perfluid in superconductivity.

5.2.2 Experimental Setup

� Create superconducting rings with varying geometries.

� Measure the magnetic flux quantization and interference patterns using techniques
similar to those employed in superconducting quantum interference devices (SQUIDs).
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5.2.3 Expected Outcome

If the SSH is valid, the quantization of magnetic flux and interference patterns may
exhibit deviations from those predicted by conventional theory, reflecting the underlying
spacetime superfluid dynamics.

5.3 Gravitational Effects in Superconductors

5.3.1 Objective

To detect any gravitational anomalies associated with superconductors that could result
from interactions with the spacetime superfluid.

5.3.2 Experimental Setup

� Perform precise torsion balance experiments near superconducting materials.

� Measure any anomalous gravitational forces or weight changes when the material
transitions into the superconducting state.

5.3.3 Expected Outcome

The SSH might predict minute gravitational effects due to the coupling between the su-
perconductor and the spacetime superfluid. Observing such effects would provide strong
support for the hypothesis.

5.4 High-Frequency Electromagnetic Emissions

5.4.1 Objective

To detect any high-frequency electromagnetic emissions from superconductors that could
arise from fluctuations in the spacetime superfluid.

5.4.2 Experimental Setup

� Use sensitive detectors to monitor superconductors for electromagnetic emissions
across a broad frequency spectrum.

� Conduct experiments at various temperatures and magnetic field strengths.

5.4.3 Expected Outcome

The SSH may predict unique emission signatures not accounted for by conventional su-
perconductivity. Detection of such emissions would suggest new physics at play.
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6 Implications and Predictions

6.1 Unified Understanding of Superconductivity and Electro-
magnetism

The SSH provides a framework where superconductivity and electromagnetism emerge
from the same underlying spacetime superfluid dynamics, potentially offering a more
unified understanding of these phenomena.

6.2 Bridging Quantum Mechanics and General Relativity

By modeling spacetime as a superfluid, the SSH could serve as a bridge between quan-
tum mechanics and general relativity, offering insights into quantum gravity and the
unification of fundamental forces.

6.3 Novel Predictions and Technological Applications

If validated, the SSH could lead to novel predictions and technological advancements:

� Advanced Superconducting Materials: Understanding the role of the space-
time superfluid could inform the development of new superconducting materials
with enhanced properties.

� Quantum Computing: Insights into the quantum nature of spacetime might
influence quantum computing technologies.

� Gravitational Manipulation: Exploring the coupling between matter and the
spacetime superfluid could open possibilities for manipulating gravitational effects.

7 Conclusion

The Spacetime Superfluid Hypothesis offers a novel perspective on the fundamental na-
ture of spacetime and its interaction with matter. By providing a rigorous derivation of
how electromagnetic phenomena emerge within this framework, we have demonstrated
how the SSH can account for known electromagnetic effects, including the expulsion of
magnetic fields in superconductors.

We have proposed potential experiments to test the SSH, which, if conducted, could
validate or refute the hypothesis. Such experiments are crucial for advancing the scientific
merit of the SSH and determining its viability as a theoretical model.
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Further research into the SSH could deepen our understanding of the interplay be-
tween quantum phenomena and the fabric of spacetime, potentially bridging the gap
between quantum mechanics and general relativity.
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