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Abstract

The concept of wave function collapse is commonly presented as a physical process ex-

plaining the emergence of definite measurement outcomes in quantum mechanics. This paper

conducts a conceptual audit of the underlying assumptions and demonstrates that collapse

is neither empirically forced nor necessary for the formal consistency of quantum theory.

The analysis distinguishes between empirical facts, formal apparatus, and ontological

claims. It shows that collapse is an interpretive construct—a bridge between unitary for-

malism and classical experience—rather than a description of physical dynamics. The state

update rule in quantum mechanics is a mathematical operation in the calculus of probabili-

ties, not a specification of physical mechanism.

This paper does not propose an alternative interpretation or deny the mathematical

consistency of quantum mechanics. Its aim is to delineate what follows from the formalism

and data from what constitutes interpretive superstructure.
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1. Introduction

Standard presentations of quantum mechanics include a “collapse postulate”: upon measure-

ment, the wave function instantaneously reduces from a superposition to a definite eigenstate

corresponding to the observed outcome. This postulate appears to introduce a second type of

dynamics, distinct from the continuous unitary evolution described by the Schrödinger equation.

The collapse postulate raises immediate questions:

� When exactly does collapse occur?

� What physical mechanism causes it?

� How is “measurement” defined independently of collapse?

� Is collapse a physical process or a change in description?

This paper examines whether the concept of collapse as a physical process is warranted by

the formalism and empirical data, or whether it represents an interpretive addition that exceeds

what can be established.

2. Empirical Facts Without Interpretation

The analysis begins with a minimal set of empirical facts that any interpretation must accom-

modate:

Fact Description

F1 Measuring devices yield definite, unambiguous results

in individual measurements

F2 Repeated measurements produce stable statistical dis-

tributions

F3 Quantum interference is experimentally verifiable but

sensitive to environmental interaction

Crucially, none of these facts explicitly implies the existence of collapse as a physical process.

F1 states what we observe—definite outcomes—but not how or why definite outcomes arise.

The move from “we observe definite results” to “the wave function physically collapses” requires

additional interpretive assumptions.

3. The Formal Apparatus

3.1 State Description

The quantum state (state vector or density matrix) serves as a mathematical object for cal-

culating probabilities of measurement outcomes. Its interpretation is underdetermined by the

formalism:

Interpretation State vector is...

Epistemic A representation of knowledge about the system

Ontic A real physical entity

Operational A tool for calculating probabilities

The formalism itself does not decide between these interpretations.
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3.2 Dynamics

Isolated systems evolve unitarily according to the Schrödinger equation:

𝑖ℏ
𝜕|𝜓⟩
𝜕𝑡

= 𝐻|𝜓⟩

Unitary evolution is deterministic, reversible, and preserves superpositions.

3.3 Measurement in the Formalism

Measurement is represented by two components:

1. Born rule: The probability of outcome 𝑎 is |⟨𝑎|𝜓⟩|2
2. State update: After outcome 𝑎, the state becomes |𝑎⟩

The state update is a mathematical operation in the calculus of probabilities. The formalism

does not specify when the update occurs, where in space it occurs, or what physical mechanism

causes it. These questions are left open—they are not answered by the mathematics.

4. Origin of the Collapse Concept

4.1 The Tension

Collapse emerges as an attempt to resolve a tension:

Formalism Experience

Unitary evolution preserves superpositions Measurement yields one definite result

System can be in state 𝛼|0⟩+ 𝛽|1⟩ We always see either 0 or 1

4.2 The Interpretive Move

Instead of distinguishing between description and reality, an additional postulate is introduced:

“Upon measurement, the wave function collapses from superposition to a definite eigenstate.”

This postulate:

� Bridges formalism and experience

� Introduces non-unitary dynamics

� Creates the measurement problem (what counts as “measurement”?)

The collapse postulate solves a problem that arises only if the wave function is interpreted as a

complete description of physical reality. If the wave function is understood as an epistemic tool—

a representation of knowledge—then no physical collapse is needed. The state update becomes

analogous to Bayesian conditioning: our description changes when we acquire new information.

(This analogy does not claim that quantum mechanics reduces to classical probability theory; it

illustrates that “updating a description” need not be a physical process.)

This paper treats the definiteness of measurement outcomes as an empirical primitive at

the descriptive level. The aim is to show that “physical collapse” does not follow from this

definiteness—not to explain why outcomes are definite.
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5. Operational Problems

5.1 No Independent Definition

Collapse lacks an independent operational definition:

� No physical parameter specifies the moment of collapse

� No objective criterion distinguishes “system” from “apparatus”

� “Measurement” is often defined circularly as the process that causes collapse

5.2 The Measurement Problem

The circularity can be made explicit:

Q: When does collapse occur?

A: When measurement occurs.

Q: What is measurement?

A: An interaction that causes collapse.

This does not constitute an explanation.

5.3 The Heisenberg Cut

Where is the boundary between quantum and classical? Every proposed location faces difficulties:

Proposed boundary Problem

At the detector Detectors are made of atoms (quantum systems)

At the observer’s brain Brains are physical systems

At consciousness Introduces dualism; empirically inaccessible

The cut appears to be a feature of our description, not of physical reality.

6. Alternatives That Avoid Physical Collapse

Several well-developed interpretations demonstrate that collapse is not necessary:

6.1 Decoherence

Environmental interaction causes quantum systems to lose coherence rapidly. For macroscopic

systems, decoherence times are astronomically short—many orders of magnitude below any prac-

tical measurement threshold. Decoherence explains the appearance of definite outcomes without

invoking physical collapse—it shows why interference terms become unobservable, not why one

outcome occurs.

6.2 Everett (Many-Worlds)

All branches of the wave function are equally real. No collapse occurs; the appearance of definite

outcomes arises from the observer being in one branch. The wave function evolves unitarily

throughout.

6.3 Epistemic Interpretations (QBism)

The wave function represents an agent’s beliefs about future experiences. “Collapse” is simply

belief update upon acquiring new information—a change in the agent’s epistemic state, not in

physical reality.
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6.4 Bohmian Mechanics

Particles have definite positions at all times, guided by the wave function. No collapse is needed;

the wave function never reduces, but measurements reveal pre-existing particle positions.

All these interpretations make identical predictions for current experiments. The choice

between them is underdetermined by empirical data.

7. Collapse Models as Physical Theories

Some researchers have proposed explicit physical collapse mechanisms (GRW, Penrose). These

are genuine physical theories that modify quantum mechanics and make predictions that differ

(slightly) from standard quantum mechanics.

This analysis does not rule out that such models could be correct. It observes that:

1. These models are not confirmed—they remain speculative

2. Standard quantum mechanics does not require them

3. The common textbook assertion that collapse “happens” is not equivalent to these sophis-

ticated theoretical proposals

The existence of collapse models as research programs does not justify the casual ontological

claim that collapse is a known physical process.

8. What This Analysis Does Not Claim

To be clear about scope:

� Not claimed: That quantum mechanics is mathematically inconsistent

� Not claimed: That measurements do not yield definite results

� Not claimed: That collapse interpretations are useless

� Not claimed: That we know what “really” happens during measurement

� Not proposed: A new interpretation of quantum mechanics

What is claimed:

� Collapse as a physical process is not empirically established

� Collapse is not required for formal consistency

� The ontological interpretation exceeds what the formalism establishes

� The measurement problem may be a pseudoproblem arising from interpretive assumptions

9. Implications

If collapse is understood as an interpretive construct rather than a physical process, several

“problems” require reframing:
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Problem Reframing

Measurement problem May arise from conflating description with real-

ity

Quantum-classical boundary A choice of description level, not a physical

boundary

Observer’s role Epistemological, not ontological

Schrödinger’s cat A paradox of taking the wave function too liter-

ally

This is not a solution to these problems, but a suggestion that their formulation may involve

assumptions that deserve scrutiny.

10. Methodological Recommendation

Physical theories should consistently distinguish between:

Layer Examples

Empirical facts Measurement outcomes, interference patterns

Formal tools Wave functions, operators, Born rule

Ontological claims “Collapse is real,” “Many worlds exist”

Conflating these layers leads to problems that cannot be resolved experimentally—not be-

cause they are deep, but because they are artifacts of conceptual confusion.

11. Conclusion

Wave function collapse, as commonly presented, is an interpretive construction rather than an

established physical process. It is not empirically forced, not necessary for formal consistency,

not experimentally distinguishable from alternatives, and not independently definable.

The state update rule in quantum mechanics describes how our description of a system

changes upon acquiring information. Whether this corresponds to a physical process in the

world is an additional interpretive claim that exceeds what the formalism and data establish.

This conclusion does not diminish the power or precision of quantum mechanics. It clarifies

the distinction between what the theory computes and what it can be interpreted to describe—

between epistemic success and ontological commitment.

Note on Method

This paper performs conceptual analysis within philosophy of physics. It does not propose

new physics but examines the conceptual foundations of existing physical claims. The goal is to

distinguish what follows from the formalism and data from what requires additional interpretive

assumptions.

Filip Svoboda

January 2026
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