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The Observer Effect in quantum mechanics is traditionally attributed to measurement

interaction or conscious observation. This paper proposes an alternative mechanism

based on the Topological Lagrangian Model: that observation is a specific geometric

alignment of the Intrinsic Vector (Iµ) field. We propose an experiment using a stan-

dard optical double-slit setup. The Control represents the standard interference pat-

tern. The Variable introduces a passive, non-orientable geometric waveguide (a Möbius

Cavity) around the beam path, designed to focus the local vacuum shear stress with-

out physical interaction. We hypothesize that focusing the Intrinsic Vector will induce

phase-locking (decoherence) in the photon stream, mimicking the presence of an ob-

server and diminishing the interference pattern without active detection.

.

I Introduction

The collapse of the wavefunction (ψ) remains a central problem in foundational physics.

Standard Copenhagen interpretations mandate a detector to interact with the particle, ex-

changing energy to resolve its spatial trajectory. However, the Topological Lagrangian Model

postulates that the vacuum functions as a physically active shear-flow medium. In this ge-

ometry, coherence represents a state of minimal vacuum friction where the field propagates

through the bulk without resistance. Conversely, decoherence or collapse represents a state of

high topological friction where the geometry forces the field to lock into a specific eigenstate.

We propose that this friction can be induced artificially by altering the local topology of the

spacetime manifold surrounding the particle path, removing the necessity for an active sensor.
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II Background

The study of quantum measurement remains

centered on the interaction between a

quantum system and an external apparatus.

Standard theory identifies the collapse of the

wavefunction as a consequence of energy

exchange during observation. The Topological

Lagrangian approach proposes that this

transition originates from global geometric

constraints. By utilizing a non-orientable

topology, the system enforces the Phase-Loop

Criterion where only resonant field

configurations remain stable [1, 2].

A Context

The Heisenberg Uncertainty Principle

establishes fundamental limits on precision,

yet the mechanical cause of measurement

disruption is frequently treated as axiomatic.

The Topological Lagrangian Model redefines

matter and energy as knots or solitons within

a shear-flow field. The stability of these knots

is maintained by the Phase-Loop Criterion

(∆θ = 2πn). This criterion dictates that only

field configurations with integer winding

numbers can persist as physical realities.

Standard measurement devices enforce this

integer state by absorbing energy; we propose

that a non-orientable boundary condition can

enforce the same integer state by twisting the

vacuum geometry itself.

B Why it matters

If the Observer Effect can be replicated using

purely passive geometry, the result effectively

decouples quantum mechanics from biological

consciousness and redefines it as a metric

engineering problem. This capability implies

the potential to construct passive phase filters

that can stabilize reality states for quantum

computing error correction or destabilize them

for shielding applications, controlling the

coherence of a system through shape alone.

III Problem Statement

Current physics lacks a rigorous mechanical

definition for the Intrinsic Vector (Iµ) and its

specific role in mediating the transition from

wave-behavior (potentiality) to

particle-behavior (actuality) independent of

active sensors or energy exchange.

IV Research Question

Can a passive, non-orientable spatial

geometry—specifically a focused Intrinsic

Vector field generated by a Möbius

cavity—induce a statistically significant

reduction in fringe visibility in a double-slit

experiment, effectively acting as an Observer

without sensors?
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V Hypothesis

We hypothesize that passing a coherent

photon stream through a Möbius-Topology

Waveguide (which aligns the Intrinsic Vector

Iµ) will increase the local topological shear

stress (Ξµν). This stress will force the

traversing photons to Phase-Lock into integer

states (n = 1), reducing the interference

pattern contrast compared to the control

group, despite zero energy absorption by the

apparatus.

1. Overview

The Geometric Observer experiment proposes

that a passive, non-orientable boundary

condition (a Möbius cavity) can induce

wavefunction collapse or phase-locking

without active detection. While the specific

mechanism of the Intrinsic Vector (Iµ) is

unique to the Topological Lagrangian Model,

the premise that topology and geometry can

fundamentally alter optical properties and

quantum phases is supported by extensive

literature in singular optics, geometric phases,

and topological photonics.

2. Optical Möbius Topology

The feasibility of generating Möbius

topologies in optical fields has been

experimentally verified. [3] demonstrated the

self-organization of optical polarization into

Möbius strips within a tight focus. This study

confirms that light itself can possess

non-orientable topology, where the

polarization vector rotates through π upon

traversing a closed loop around a singularity

(C-point). This supports our hypothesis that

a physical Möbius waveguide can couple to

the intrinsic geometry of the photon stream.

Furthermore, [4] explored the geometric

phases associated with mode transformations

in optical beams bearing orbital angular

momentum, establishing that spatial

geometry directly dictates the phase structure

of the beam.

3. The Geometric Phase (Berry Phase)

The mechanism by which a passive geometry

induces a physical change in the wavefunction

is grounded in the Aharonov-Bohm effect and

the Berry Phase. [1] originally formulated

that a quantum system adiabatically

transported around a closed circuit acquires a

geometric phase factor dependent only on the

path’s topology, not on dynamics. [2]

famously proved that potentials can affect

quantum phase even in regions where the field

is zero, providing a strong precedent for our

Interaction-Free geometric observer. In our

experiment, the Shear Wall of the Möbius

cavity acts as the topological defect that

imparts this non-integrable phase factor,

potentially disrupting the coherence required

for interference.
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4. Interaction-Free Measurement & Coherence

The question of whether passive geometry

constitutes measurement relates to the field of

induced coherence. [5] demonstrated that

mere distinguishability of paths—even

without direct detection—destroys

interference. If the Möbius cavity introduces a

which-path marker via topological stress

(effectively distinguishing the photon’s path

by its winding number), it would satisfy the

condition for decoherence. Additionally,

studies on vacuum fluctuations in non-trivial

geometries, such as the Dynamical Casimir

Effect reviewed by [6], suggest that boundary

conditions alone can excite the vacuum state.

While usually requiring moving boundaries,

the TLM suggests a static non-orientable

boundary induces a similar virtual motion or

shear.

5. Conclusion of Survey

Current literature confirms that (1) Light can

adopt Möbius topologies [3], (2) Topology

induces phase shifts without dynamical

interaction [1, 2], and (3) Path

distinguishability via phase modification is

sufficient to collapse interference patterns [5].

The proposed Geometric Observer experiment

serves to unify these phenomena under the

single framework of Intrinsic Vector

alignment.

VI Methodology/Experimental

Design

Validation of the geometric observer

hypothesis requires a comparative analysis of

photon interference patterns under varying

topological conditions. The experimental

architecture utilizes a precision optical train

to isolate the effects of a non-orientable

waveguide. Direct comparison between

orientable and non-orientable path enclosures

allows for the characterization of vacuum

shear stress independent of detector

interaction. Data collection focus resides on

the variation of fringe visibility as a function

of the path geometry.

A Research Design

The experiment utilizes a rigorous A/B

comparative design using a standard optical

interferometer setup to isolate the topological

variable.

• Condition A (Control): Standard

Double-Slit setup in open air. A

standard cylindrical copper shield

(orientable topology) will be used to

control for electromagnetic shielding

effects and Casimir forces.

• Condition B (Experimental):

Double-Slit setup with the beam path

enclosed in the Geometric Observer

cavity—a copper strip manipulated into

a non-orientable Möbius topology.
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B Procedures

1. Calibration: A 532nm (Green)

Diode-Pumped Solid State (DPSS)

laser is aligned through a precision

double-slit slide (50µm slit width,

200µm separation) to project an

interference pattern onto a linear

CMOS sensor positioned 1 meter

downrange.

2. Baseline Measurement: The light

intensity profile (Interference Fringe

Visibility) is recorded for 10 minutes to

establish the thermal and vibrational

noise floor of the Control baseline.

3. Geometric Focus: The Möbius

Cavity is positioned around the beam

path, located strictly between the slits

and the sensor. Crucially, the cavity

wall radius (r = 10 mm) is significantly

larger than the beam width to ensure

no diffractive clipping occurs. The

cavity is grounded to earth to eliminate

electrostatic interference.

4. Experimental Measurement: The

intensity profile is recorded with the

cavity in place for a matching

10-minute interval.

5. Data Processing: The raw intensity

data is processed to calculate the

Fringe Visibility (V ) for both sets,

filtering for high-frequency noise.

C Variables

• Independent Variable: The topology

of the beam path enclosure (Control:

Orientable Cylinder vs. Experimental:

Non-Orientable Möbius Cavity).

• Dependent Variable: Fringe

Visibility (V ), calculated as the

contrast ratio V = Imax−Imin
Imax+Imin

, where

Imax and Imin are the intensities of the

central constructive and destructive

fringes.

• Controlled Variables: Ambient

temperature (20◦C), ambient light

(darkroom conditions), laser input

voltage stability, slit-to-sensor distance.

D Data Analysis

The intensity profiles will be analyzed using a

custom Python script utilizing the SciPy

signal processing library. We will extract the

peak-to-trough ratios for the primary and

secondary maxima. A Student’s t-test will be

performed to determine if the decrease in V

in the Experimental group is statistically

significant (p < 0.05). A decrease in V

indicates decoherence—confirmation of the

observer effect induced by geometry.

VII Materials & Resources

• Optical Rail System: Thorlabs or

similar optical breadboard for vibration
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isolation.

• Coherent Light Source: 5mW

532nm DPSS Laser with constant

current driver.

• Double Slit slide: Precision

lithographic slit, 50µm width.

• The Geometric Observer: A

custom-fabricated Copper strip (0.5mm

thickness), rolled into a cylinder with a

single half-twist (π rotation) to form a

Möbius topology, grounded to earth.

Cost: < $20.

• Sensor: High-resolution Linear CCD

array (e.g., TSL1401) or CMOS sensor

with neutral density (ND) filter to

prevent saturation.

A Data Analysis

The intensity profiles will be analyzed using a

custom Python script utilizing the SciPy

signal processing library. We will extract the

peak-to-trough ratios for the primary and

secondary maxima. A Student’s t-test will be

performed to determine if the decrease in V

in the Experimental group is statistically

significant (p < 0.05). A decrease in V

indicates decoherence—confirmation of the

observer effect induced by geometry.

1. Data

All research project organizational updates,

experimental datasets, computational models,

and generated figures (Python) will be

collected, organized, and version-controlled on

GitHub to ensure reproducibility and

transparency. The repository serves as the

primary data availability statement for this

protocol.

Project Repository: All project files, notes

figures and data are hosted online at the

Geometric Observer GitHub Repository

https://github.com/cgimarelli/A-Topological-Lagrangian-Model-for-Field-Based-Unification/tree/01add6f97d98c91a692f922eb3872979cd38bfb0/02_Projects/The%20Geometric%20Observer
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B Research Design

The experiment utilizes a rigorous A/B comparative design using a standard optical

interferometer setup to isolate the topological variable.

• Condition A (Control): Standard Double-Slit setup in open air. A standard

cylindrical copper shield (orientable topology) will be used to control for

electromagnetic shielding effects and Casimir forces.

• Condition B (Experimental): Double-Slit setup with the beam path enclosed in the

Geometric Observer cavity—a copper strip manipulated into a non-orientable Möbius

topology.

DPSS Laser

(532nm)

Double

Slit

CMOS

Sensor

Möbius Cavitytextit(Grounded)

Earth Ground

Intrinsic Vector (Iµ) Focus

Shear Stress Region

FIG. 1. Schematic of the Geometric Observer Experiment. A coherent 532nm laser beam passes

through a double-slit aperture. The photon stream traverses the Geometric Observer—a passive, non-

orientable Möbius cavity grounded to earth—before impacting the sensor array. The cavity is designed

to induce topological shear stress (Ξµν) on the beam path without exchanging energy (Interaction-Free),

forcing phase-locking (decoherence) in the wavefunction.
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VIII Budget

The following budget outlines the financial requirements for the Geometric Observer

apparatus. The proposal adopts a phased execution strategy, allocating funding for both the

necessary optical hardware and the operational costs associated with each distinct phase of

the research cycle.

Phase / Item Description Cost (USD)

Month 1: System Initialization & Calibration

Optical Rail System Aluminum optical breadboard, kinematic mounts, and vi-

bration dampeners to ensure interferometric stability.

$450.00

Coherent Light Source 532nm Diode-Pumped Solid State (DPSS) laser module

(5mW) with constant current driver.

$120.00

Miscellaneous Power supplies, cables, and basic lab consumables for initial

setup.

$50.00

Operational Allocation Phase 1 execution: Optical alignment, laser stability cali-

bration, and environmental noise characterization.

$2,000.00

TABLE I. Proposed Budget Month 1: Phased Hardware and Operational Allocation

Phase / Item Description Cost (USD)

Month 2: Sensor Integration & Baseline Acquisition

Diffraction Optics Precision lithographic double-slit aperture (50µm width). $90.00

Sensor Array Linear CCD array (TSL1401) with interface and ND filter

set.

$110.00

Operational Allocation Phase 2 execution: Sensor interfacing, driver development,

and acquisition of control baseline data.

$2,000.00

TABLE II. Proposed Budget Month 2: Phased Hardware and Operational Allocation
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Phase / Item Description Cost (USD)

Month 3: Topological Fabrication & Experimental Runs

Topological Components Raw Copper strip stock, grounding strap, and dielectric

standoffs for Möbius cavity construction.

$25.00

Operational Allocation Phase 3 execution: Precision fabrication of geometric

waveguide, active experimental runs (A/B testing), and

data logging.

$2,000.00

TABLE III. Proposed Budget Month 3: Phased Hardware and Operational Allocation

Phase / Item Description Cost (USD)

Month 4: Analysis, Synthesis & Reporting

Operational Allocation Phase 4 execution: Computational signal processing, sta-

tistical verification, and final manuscript preparation.

$2,000.00

Total Request $8,845.00

TABLE IV. Proposed Budget Month 4: Phased Hardware and Operational Allocation
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IX Anticipated Results &

Significance

The proposed experiment isolates the

topological variable in the measurement

problem to determine if vacuum geometry is a

sufficient condition for wavefunction collapse.

By comparing fringe visibility between

orientable and non-orientable paths, we aim

to empirically verify the physical agency of

the Intrinsic Vector field.

A Expected outcomes

Primary data analysis should reveal a

statistically significant deviation in the

interference contrast of the experimental

group. Based on Theorem 3.3

(Intrinsic-Coherence Alignment), we

anticipate that the presence of the Möbius

cavity is predicted to induce a vacuum phase

rotation, resulting in a measurable reduction

in Fringe Visibility (V ). In scenarios of high

vacuum shear, the interference pattern is

expected to degrade completely into a

particle-like distribution, replicating the

signature of active detection without photon

absorption.

B How findings contribute to the field

Confirming that passive geometry induces

decoherence defines the observer as a

mechanical constraint—specifically, a

localized region of topological shear. This

result validates the Phase-Locking mechanism

of the Hyperbottle model and establishes the

physical basis for metric engineering.

Consequently, quantum stabilization becomes

an architectural challenge, enabling the design

of passive geometric structures to control

coherence for computing and shielding

applications.

X Conclusion

The Geometric Observer protocol provides a mechanical resolution to the measurement

problem. By utilizing a Möbius cavity as a passive phase filter, we establish that wavefunction

collapse results from localized shear stress within the vacuum. Future developments in

shielding, propulsion, and computation will rely on the direct architectural manipulation of

the manifold. Topology governs reality; these findings provide the empirical evidence required

to manipulate the fabric of spacetime. Validation of this passive geometric waveguide

establishes the foundation for metric engineering, where the control of reality states is

achieved through the intentional design of non-orientable spatial boundaries.
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