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Abstract

This paper presents the Quantum Emergence Model (QEM), a
foundational theory that derives quantum mechanical behavior from
first principles. We propose that quantum phenomena emerge from
the interaction between classical point particles and a universal vec-
tor field, the M-Mode (Ai\f ). Starting from a relativistic worldline
action, we rigorously derive the Schrédinger equation as an emergent
description of ensemble dynamics. The model makes falsifiable pre-
dictions distinct from standard quantum mechanics, particularly that
quantum effects can be modulated via a mediator field (y). We pro-
vide a comprehensive experimental protocol using cold atoms in a
double-well potential to test this prediction, complete with detailed
parameter estimates and systematic error analysis. The QEM offers a
mathematically consistent framework that resolves conceptual issues
in quantum foundations while maintaining empirical adequacy.

1 Introduction

1.1 The Conceptual Landscape of Quantum Founda-
tions

Quantum mechanics remains our most successful physical theory, yet its foun-
dational interpretation continues to generate debate. The wave-particle dual-
ity, the measurement problem, and the nature of quantum non-locality repre-
sent persistent conceptual challenges. Various interpretations—Copenhagen,



many-worlds, de Broglie-Bohm pilot-wave theory—offer different perspec-
tives but typically treat quantum mechanics as fundamental.

The Quantum Emergence Model (QEM) proposes a different approach:
quantum behavior is not fundamental but emerges from deeper classical prin-
ciples coupled to a universal field. This work builds on insights from stochas-
tic mechanics [1] and hidden variable theories [2], but with crucial differences
in mathematical structure and physical interpretation.

1.2 Core Postulates of the QEM
The QEM is based on four fundamental postulates:

1.
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2.1

Particle Ontology: Matter consists of classical point particles with
definite positions x(¢) and trajectories. Each particle has mass m and
follows a deterministic worldline x#(7).

. M-Mode Field: A physical vector field Aﬁ/[ () permeates spacetime.

Unlike gauge fields, the M-Mode has observable degrees of freedom and
mediates quantum behavior.

Emergence Principle: Quantum wave behavior appears statistically
when particle ensembles interact with the M-Mode. The wavefunction
1 (x) describes ensemble properties, not individual particles.

Mediator Coupling: A scalar field x(z) modulates the particle-M-
Mode interaction strength, providing experimental control over quan-
tum effects.

Mathematical Foundations

Relativistic Action Principle

The dynamics follow from the action:

S = —/dT [mc\/—dv“a'c# — %MA%:# — AXV —:t”x',,]

where:

e m is the bare particle mass



e ¢, is the dimensionless M-Mode coupling constant
e )\ is the dimensionless mediator coupling constant
e it = dx*/dr is the four-velocity

Dimensional Analysis: [A/JY] = energy - time/length (equivalent to
electromagnetic potential) [ga] = 1, [\] = 1, [x] = energy
The action consists of three physically distinct terms:

1. Standard relativistic kinetic term

2. Minimal coupling to the M-Mode field

3. Mediator-dependent mass modification

2.2 Non-Relativistic Reduction

We parameterize by coordinate time using dr = dty/1 — v%/c? and expand
to order v?/c?:
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Keeping terms to order v? and neglecting constants:

1 A
SNR:/dt {5 (m—c—;()ﬁ—g%AM-v—l—gihcAéw]

Defining the effective mass meg = m—\x/c?, we obtain the non-relativistic
Lagrangian:

1
L= Sma? giﬁb”AM-v+gihcAg4



2.3 Hamiltonian Formulation

The canonical momentum is:

oL
= _ IM M
p av meffv h

This reveals the fundamental relation:
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Performing the Legendre transform:
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3 Emergence of Quantum Mechanics

3.1 Quantization and the Schrodinger Equation

We quantize by promoting the classical Poisson bracket {x,p} = 1 to the
commutator [Z;, p;] = ihd;;. In the position representation p = —ihV:

P (—z’hV + g—MAM>2 _ JME pr

2meff h h
Simplifying:
A 1 . guc
H = —ihV — gy AM AN
2mef{ ( thv gM ) h

The time-dependent Schrodinger equation follows:

oy 1 . guc
h— = —ihV — guAM AN
e o L B
This is identical in form to standard quantum mechanics with minimal

coupling.




3.2 Madelung Form and Quantum Potential

Substituting ¢ = \/ﬁeis/ " into the Schrodinger equation yields the Madelung
equations:
Continuity Equation:
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Quantum Hamilton-Jacobi Equation:
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where the quantum potential is:
h? VQ\/E
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The particle velocity field is:

v — VS — gMAM
B Mefr

This is the guidance equation of the theory, determining individual par-
ticle trajectories.

3.3 Physical Interpretation
In the QEM:

e The wavefunction v describes ensemble properties, not individual par-
ticles

Individual particles follow deterministic trajectories x(t)

Quantum randomness arises from uncertainty in initial conditions

The M-Mode field guides particles via the quantum potential ()

The mediator field y controls quantum effects through meg



4 Experimental Test: Tunable Quantum Tun-
neling

4.1 Theoretical Prediction

The QEM predicts that quantum tunneling rates depend on the effective
mass meg = m — Ax/c?. For a double-well potential with barrier height 1}
and width L, the tunneling rate is approximately:

hE ki 2mea(Vo — E)
0o Mg e E)

megL

where F is the energy of the tunneling state. The relative change in
tunneling rate with mediator field is:

Al T'(yx)-T A 2
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For small y, this simplifies to:

g%ﬂx, p= A (1+a)

Iy me? \ 2

where o = KL - ™ . Yo_ characterizes barrier sensitivity.
meg VoO—F

Standard QM Prediction: ATl'/Ty = 0 (no dependence on x)
4.2 Experimental Design

System: BEC of 8Rb atoms (m = 1.44 x 107% kg, N ~ 10* atoms)
Double-Well Potential:

e Created by magnetic trap + optical ”"dimple” at 1064 nm

Well separation: d = 2.0 pm

Barrier height: Vo = h x 2.0 kHz

Ground state energy: Ey =~ h x 1.0 kHz

Baseline tunneling rate: 'y ~ 27 x 12.5 Hz

M-Mode Implementation (AM):
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e Lattice shaking at frequency wy = 21,

mwqCd

e Amplitude ¢ calibrated to give Ay = 54

e Direction along inter-well axis (z-direction)
Mediator Field (x):

e Far-off-resonant laser at 790 nm, A = 27 x 2 THz

o AC Stark shift: y = 2,1
e Intensity control via AOM with 0.1% stability

e Range: x =0 to h x 50 kHz

4.3 Measurement Protocol

1. Preparation: Cool to BEC at T' < 20 nK

2. Initialization: Adiabatic loading into double-well, initialize all atoms
in left well

3. Activation: Simultaneously turn on shaken lattice and mediator laser
4. Evolution: Hold for variable time ¢t = 0 to 200 ms
5. Detection: TOF absorption imaging, measure N (t), Ng(t)

6. Analysis: Fit z(t) = (N, — Ng)/N = cos(2I't) to extract I'

Systematic Controls:

Verify uniform mediator beam profile to prevent potential tilting

Control experiment with Ay, = 0

Measure heating rates from mediator laser

Independent calibration of x via spectroscopy



4.4 Sensitivity Analysis

Parameter Values:
o m =144 x 107% kg
e a ~ 2.5 (from calibrated potential)
e A\~ 1 (assumed)
e Maximum y = h x 50 kHz = 2.1 x 1072 J
Predicted Signal:

AT (1)(2.1 x 1072%)
Ty (1.44 x 10-25)(9 x 10%6)

This 0.049% effect is detectable with:

(3.0) ~ 4.9 x 107*

e Statistical uncertainty: 0I'/I" =~ 1%/v/100 = 0.1%
e Systematic control at level of 1074

e Signal-to-noise ratio j 5 with 100 repetitions

5 Discussion

5.1 Conceptual Implications

The QEM resolves several quantum paradoxes:

Measurement Problem: Wavefunction ”collapse” represents the par-
ticle selecting a definite trajectory guided by a decohered M-Mode configu-
ration.

Wave-Particle Duality: Particles are always particles; waves are sta-
tistical patterns arising from M-Mode guidance.

Non-locality: Entanglement arises from correlated M-Mode configura-
tions established at particle creation, with no superluminal signaling.



5.2 Relation to Existing Theories
The QEM differs from:

e de Broglie-Bohm theory: M-Mode is a physical field, not the wave-
function

e Stochastic mechanics: Dynamics are deterministic, not random
e Emergent quantum mechanics: Provides specific mechanism via

M-Mode coupling

5.3 Theoretical Extensions

Future work could explore:
e M-Mode field quantization
e Relativistic generalization (Dirac equation emergence)
e Connection to gravitational physics

e Many-body quantum effects

6 Conclusion

The Quantum Emergence Model provides a mathematically rigorous foun-
dation for quantum phenomena based on first principles. By deriving the
Schrodinger equation from classical worldlines coupled to the M-Mode field,
the QEM offers a compelling resolution to long-standing conceptual prob-
lems in quantum foundations. The proposed experimental test provides a
clear path to validation or falsification, with predicted effects within reach
of current cold-atom technology. If confirmed, the QEM would represent a
fundamental shift in our understanding of quantum reality.
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