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Outlook 

• A Methodological Claim: solving the 
measurement problem is not an appropriate way 
of finding a quantum theory which tells you 
about nature (you need to do other things 
instead)

• A consequence: the wavefunction is not a 
physical field  part II

• Face quantum phenomena under a specific realist 
assumption

• Against the “dogma” - Do not “fix” the 
measurement problem

• This is just a distraction, a red herring, a 
wild goose chase…. 

• Instead treat it as evidence of an inadequate 
theory 

• Goal: find a theory that is empirically adequate 
and explanatory from the outset 

• Explanation in a specific sense 
• Resulting focus:

• The wavefunction isn’t “a thing” 2



How the wave function became the center of everything
• ~1900-1920: “Uncooperating” experiments suggested: 

• A-Quantization: 
• Blackbody radiation, specific heats of solids, …. 
• atomic spectra, stability of the atom  Bohr’s model of 

the atom (1913)
• Project (Bohr-Sommerfeld): determine the right 

quantization rules for the various quantities within the 
classical understating (matter=particles; light=wave)

• Attempts to provide a systematization of the phenomena 
(“old” QM)

• B-unclear how to propose something “deeper” 
(which fundamental ontology???)

• Particle aspect of light (so far thought as a wave): 
• Planck (1900; Blackbody radiation and ultraviolet 

catastrophe)+ Einstein (1905, photoelectric effect)+ 
Compton (1922) : light (wave) has a particle 
associated with it (photon)

• Wave aspect of matter (so far thought as corpuscular): 
• de Broglie (1923): matter (particles) has a wave 

associated with it 
• However: no equation for the matter wave

• Davidson-Germer (1925): electron interference
3



The First Comprehensive and Coherent Formalism: 
Matrix Mechanics

• 1925 Heisenberg (with Born and Jordan; indep. 
Dirac) developed ‘matrix mechanics’ 

• The first COMPLETE and COHERENT 
systematization of experimental results 
using matrices/operators

• No dynamics, no spacetime, no objects
• Focus on observables, forget about the rest 
• No wave function just yet

• Still, not clear what to make of it from a physical 
rather than mathematical perspective

• It says that operators describe observables 
(measurable physical quantities), but it does not 
explain what they are properties of; what is the 
fundamental ontology

• Main objection (from the realist): it is not 
visualizable; too abstract
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Wave Mechanics

• Schrödinger wanted more: he was not satisfied with just 
systematizations, he wanted to understand where they 
come form 

• 1926: wave mechanics can explain the origin quantization 
rules from a fundamental ontology

• Fundamental object (ontology): a wave (the 
wavefunction)

• Evolution: deterministic linear equation 
(Schrödinger’s equation )

• Experimental successes: 
• Hydrogen spectrum  nodes of the wavefunction
• Localized wave packets  they appear as particles

• Theoretical success: 
• Equivalent to matrix mechanics but also visualizable

• He thought that because of this his theory was 
better than Matrix Mechanics
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The Copenhagen Front
• 1927 Heisenberg discovered the uncertainty 

relation: 
• No simultaneous position-momentum 

measurement  No trajectories
• Initial internal disagreement within the 

Copenhagen school (Bohr favored particles, in 
1927’s Como lectures Bohr’s complementarity 
came as a compromise)

• Later, they formed a compact front against 
Schrödinger’s wave mechanics

• Accused not being able to explain quantum 
jumps, even if it did

• de Broglie’s preliminary proposal for a 
complete quantum theory in terms of particles 
and waves was effectively shut down by a 
harsh criticism by Pauli (1927 Solvay)

• Nonetheless, people started to use Schrödinger's 
formalism as the quantum formalism because they 
were more familiar with waves and it was much 
easier to use
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Von Neumann’s axiomatization
• Nonetheless, given the linearity of the 

Schrödinger equation, wave mechanics predicts 
macroscopic superpositions which are not 
observed  when a measurement is performed, 
the evolution must suitable change (von 
Neumann’s collapse rule)

• Moreover, matrix mechanics cleanly connected 
observables with linear self-adjoint operators, 
and neatly described the experimental statistics 

• Thus, von Neumann’s axiomatization of quantum 
mechanics is as follows: 

• State: in position base, the wavefunction [THE 
WAVEFUNCTION ENTERS HERE]

• Observable properties: eigenvalues of suitable linear 
self-adjoint operators

• Evolution of the state: 
• No measurement: S’s equation (linear deterministic) 

superpositions of properties
• Measurement: vN’s collapse (instantaneous stochastic)  

random ‘reduction’ to one property
• Measurement outcome: Born rule 8



Nonlocality Arguments

• 1927-1935: if QM were complete, locality would be false
• 1927 (Solvay): particle through one slit diffracts, so it is 

everywhere, while we observe only one spot  nonlocality of 
collapse

• 1930 (Solvay): a photon in energy states superposition leaves 
box and travels far away. By measuring the box’s weight, one 
‘creates’ the photon’s energy  nonlocality

• 1935 (letter to Schrödinger): a wf in a box is divided into two 
halves. The boxes are sent in opposite direction. By opening 
one box, one affects the other  nonlocality

• 1935, EPR: A pair of entangled particles travel in opposite 
directions; results of experiments on each particle are 
anticorrelated  nonlocality

• Thus, EPR concluded, there have to be ‘hidden’ variables, 
representing the pre-existing properties revealed by the 
experiment

• Heisenberg replied that still, this does not contradict relativity 
understood as a theory of signals 

9



The Measurement Problem
• 1935: QM is incomplete (at least macroscopically) otherwise 

it would be falsified (there are unobserved macroscopic 
superpositions)

• 1935, Schrödinger cat paper: 
• a radioactive nucleus in decayed-not decayed 

superposition is coupled with a vial of poison to be 
released in a box where there’s a cat. Thus, the cat is in a 
dead-alive superposition. However, when we open the 
box, the cat is either alive or dead. 

• The theory is not empirically adequate
• 1935, Einstein bomb example (letter to Schrödinger) 
• Notice: the von Neumann collapse rule is a solution of the 

MP 
• However, it is generally regarded as unsatisfactory, 

because it is not precise enough because it does not 
specify what a measurement is and why it is not a 
physical interaction like any other 10



“Copenhagen 
people and 
co.  “
did not 
get it
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Claim

• Realist often focus on the 
measurement problem to make 
quantum theory amenable to a 
realist interpretation 

• However, I think this is not:
• the problem a realist would 

naturally look at 
• the realist attitude a pre-quantum 

realist would naturally have 
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Digging deeper in the 
notion of Realism 
• Scientific Realism (baseline)

• Theories aim to describe reality 
• Entities are really out there 
• Approximate truth 

• Fairly permissive - in the quantum domain a 
realist accepts

• Nonlocality (dBB) 
• Indeterminism (GRW) 
• Unfamiliar ontology (wavefunctions in 

high-dimensional space; purely relational 
properties;…) 

• “Weird” primitives (branching worlds;….) 
• As long as

• the theory is empirically adequate and 
has a coherent interpretation



My point turned into a half Joke: From Realism to Dealism
• DEALism – “what’s the real DEAL behind 

the phenomena?” 
• The Dealist Methodology: 

• 1) Anti-mystery principle: weirdness is a 
diagnostic of failure

• Realism: “QM is strange but true” 
• Dealism: “If it’s that strange, we 

probably haven’t explained it yet” 
• 2) Balance simplicity and explanation: 

start with the obvious; escalate only 
when it adds explanatory power

• 3) Priority of explanation over 
accommodation in order to understand 

• Realism: saving the phenomena is 
enough to take a theory seriously 

• Dealism: explaining the 
macroscopic dynamics in terms of 
the microscopic dynamics (from 
past empirical success)

Past empirical success have led to an ontology of micro entities moving in spacetime, interacting  via ‘cause’ and ‘effect’  
(local causality: no simultaneous action at arbitrary distance), and composing macroscopic objects whose dynamics is 
derivable from the micro evolution  -- see next



Dealism is what 19th-century realism looks like
• (when turned into a conscious rulebook )
• Not every physicist followed it strictly, but many thought, argued and worked 

this way 
• Elements of Dealism in the typical 19th-century (and earlier) physicist:

• 1. Primacy of mechanism. They strongly preferred explanations in terms of particles, 
continua, forces, mechanical models. If you can’t say what is moving and how, you 
haven’t explained it

• 2. Suspicion of “merely formal” theories. They were uneasy with laws without 
underlying models 

• 3. “Start simple, escalate only if forced.” They typically tried to reduce new 
phenomena to known mechanisms first, only introduced new entities when added 
explanation

• 4. Confidence that nature is intelligible. A deep working assumption is that the world 
has a coherent, understandable structure, that there is no irreducible mystery
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Realism vs Dealism 
• Difference in Scope

• Realism says: our theories 
describe reality, however 
strange it turns out to be

• Dealism says: our theories 
describe reality; but if that 
reality looks too strange, the 
theory is probably not deep 
enough yet

• Different in Spirit
• Realism is epistemic confidence 

(“the theory is true-ish”) 
• Dealism is methodological 

discipline (“the explanation 
must be clean”) 

• The Dealist has a clear research 
strategy, they not defend a “fixed” 
ontology 18

Realism keeps doors open
Dealism insists on opening them



Bill Dingblocks

• A (fictional) disciple of Lord 
Kelvin  
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Dealism and the Quantum 
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• A 19th-century realist never 
faced nonlocal entanglement, 
collapse, fundamental 
indeterminism … 

• “What if Bill (a 19th-
century realist, namely a 
dealist)  were teleported
into 1932 and refused to 
lower their standards?”



A Realist Reaction to Quantum Phenomena

• Starting Point - Assume scientific realism → The goal of 
physics is to describe what really exists and how it works

• We are confronted with quantum phenomena → 
Interference, entanglement, correlations, nonlocal collapse, 
etc. 

• The Standard Move made by the realist (“the dogma of 
quantum realism”) 

• Take standard quantum mechanics
• Notice that:

• It predicts superpositions at all scales 
• We do not observe macroscopic superpositions 

• Formulate the measurement problem: “Why don’t we 
see what the theory says should happen?”

• Then: modify interpretation (collapse postulate, pilot-
wave, spontaneous collapse, many-worlds, 
consciousness…) 

22



A Dealist Reaction to Quantum Phenomena

• Methodological Principle (Dealist)
• Do not begin by “repairing” a formalism, begin by explaining the phenomena

• Dealist Diagnosis: 
• The standard move begins from the wrong starting point

• Why? Because the measurement problem is a problem of empirical adequacy 
• It arises only after accepting a theory that is not empirically adequate at face value 

23



A Dealist Reaction to Quantum Phenomena
• Step 1 — Reframe
• If a theory predicts unobserved macroscopic phenomena, then it is not yet 

acceptable

• Step 2 — Reject the Task
• The goal is not to “fix the measurement problem: that assumes the theory is 

basically right  and only needs patching or reinterpretation 

• Step 3 — New Task
• Treat the measurement problem as a symptom, not a target. So instead look 

for a theory that: 
• is empirically adequate from the start
• provides clear mechanisms
• avoids ad hoc fixes (collapse, branching, etc.) 

• Step 4 — Guiding Constraints
• Prefer: 

• Local or intelligible mechanisms 
• Clear ontology 
• Explanatory transparency 

• Accept novelty only if it provides explanatory advantage
24



Dealist Criteria for Explanation
• 1. Clear Ontology - What exists? The theory must specify what the world is 

made of
• Entities should be: 

• well-defined and in spacetime
• not purely formal (not just symbols in equations) 

• particles, fields, media, structures  great! 
• “the wavefunction just is” (without interpretation)  no

• “What exists must be identifiable, not just symbols”

• 2. Mechanism - What produces the phenomenon? 
There must be a process: 

• how things interact 
• how outcomes arise 

• collisions, propagation, interactions  great! 
• “it happens upon measurement”  no

• “Show me how the outcome is produced”

• 3. Locality - How does influence propagate? Prefer: 
• local interactions or at least structured mediation

• Nonlocality is: 
• not forbidden; but must be explained, not assumed

• propagation through a field or medium  great!
• instantaneous, unexplained correlations  no

• “Influence must be mediated, not magical” 25



Dealist Criteria for Explanation
• 4. Empirical Adequacy (from the start) - Does it match what we observe? 
• A valid theory must not predict obviously unobserved phenomena (e.g. 

macroscopic superpositions) 
• No “we’ll fix that later” 

• agreement with observation at all relevant scales great!
• patching with ad hoc rules  no

• “If it predicts nonsense, reject immediately”
• 5. Explanatory Priority over Formal Fit - Does it explain, not just 

calculate? Matching data is necessary but not sufficient
• The theory must tell you why the equations work 

• derivation from underlying structure  great!
• treating equations as final truth  no

• “Math comes from mechanism, not the other way around”
• 6. Simplicity as a Starting Point - Have we tried the obvious first?
• Begin with: 

• known physics 
• minimal assumptions 

• Only escalate if “forced” 
• “can classical or near-classical mechanisms do it?” great!
• jumping to exotic ontology too early  no

• “Don’t conjure ontology before exhausting simple mechanisms” 26



Dealist Criteria for Explanation
• 7. No Mystery as a Stopping Point - Is “mystery” being treated as an 

answer?
• “That’s just how nature is” is not acceptable
• Strangeness = signal of incomplete explanation

• mystery leads to research program  great!
• mystery is accepted as a conclusion  no

• “Mystery is a starting point, not endpoint”
• 8. Unity (optional but powerful) - Does it connect with the rest of 

physics?
• Prefer explanations that: 

• integrate with existing theories 
• reuse known principles 

• “Good theories connect; bad ones isolate”

• “Dealist Test”  - An explanation is satisfactory if:
• You say what exists, how it moves/interacts, and how that 

produces the observed phenomenon, without invoking 
unexplained or ad hoc elements

• “Name the things, show the mechanism, and don’t smuggle in magic” 27
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More on Dealist Explanation
• A phenomenon is explained when you can trace it back (=reduce) to the time evolution 

of a well-defined microstate under clear dynamical laws
• Example (dealist-approved): Heat

• Entities: molecules 
• State: positions and velocities 
• Dynamics: collisions 
• Result: temperature = average kinetic activity 
• Macroscopic behavior = reduced to micro-dynamics

• A theory fails the dealist standard if it:
• gives only input-output rules (operators as observables)
• lacks a clear microstate  (wavefunction)
• introduces ad hoc processes ( “collapse happens”) 
• or leaves interactions unexplained (measurement)

• Mechanism = a mapping from microstate to macrostate over time, grounded in explicit 
entities and interactions, from which observed phenomena can be derived

• “Tell me what exists at a given moment, tell me how it changes, and show me how that 
produces what I see”
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The Dealist’s Program for Quantum Phenomena

• Guiding question: “What micro-dynamics could produce these 
phenomena?”

• General Strategy
• For each phenomenon:

• Specify ontology (what exists) 
• Postulate microstate (what’s there at a time) 
• Give dynamics (how it evolves) 
• Derive the phenomenon (what you observe)

• Do not start from the Schrödinger equation as fundamental truth; treat 
it as a clue

30



The Dealist’s Program for Quantum Phenomena
• Guiding question: “What micro-dynamics could produce these phenomena?”
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The Dealist’s Program for Quantum Phenomena
• Guiding question: “What micro-dynamics could produce these phenomena?”
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The Dealist’s Program for Quantum Phenomena
• Guiding question: “What micro-dynamics could produce these phenomena?”
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The Dealist’s Program for Quantum Phenomena
• Guiding question: “What micro-dynamics could produce these phenomena?”
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The Dealist’s Program for Quantum Phenomena
• Guiding question: “What micro-dynamics could produce these phenomena?”



The Dealist’s Program for Quantum Phenomena
• Putting it all together, this 

is Bill’s g picture:
• There are real entities 

(particles, fields, 
medium) 

• with definite 
microstates, 

• evolving via lawful 
dynamics, 

• producing 
interference, 
discreteness, 
outcomes 

• And the wavefunction 
is not the mechanism; 
it is a summary of it
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“Usual” Solutions of the Measurement Problem: The Dealist Scorecard

• Bill’s verdict: “This is not a theory. It is a set of instructions” - Total failure by dealist standards 37



“Usual” Solutions of the Measurement Problem: The Dealist Scorecard

• Bill’s verdict: “You have abandoned the problem” - Not even in the game 38



“Usual” Solutions of the Measurement Problem: The Dealist Scorecard

• Bill’s verdict: “You have dissolved the world into perspectives and lost what explains their consistency.” Replaces absolute states 
with relations; predictive success ≠ ontology; fails explanatory criterion: why do different observers ultimately agree? 39



“Usual” Solutions of the Measurement Problem: The Dealist Scorecard

• GRWm - Bill’s verdict: “You have replaced one mystery with another” - Collapse is still primitive magic, just legalized - Fails 
mechanism criterion
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“Usual” Solutions of the Measurement Problem: The Dealist Scorecard

• Bill’s verdict: “You have kept the equations and lost the explanation” - Predictive success ≠ mechanism - Fails explanatory 
criterion

41



“Usual” Solutions of the Measurement Problem: The Dealist Scorecard

• Bill’s verdict: “This is a mechanism, but not yet an acceptable one” - Good: explanation, clarity / Bad: violates locality at the fundamental 
level - Best current model, but not final
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Where we are: Two constraints on any theory

• 1. Measurement problem
• Schrödinger +Einstein

• Premise 1: A linear, universally valid wave equation leads to 
macroscopic superpositions 

• Premise 2: These are not observed
• Therefoe, a linearly evolving wave ontology is empirically 

inadequate
• No theory can have: 

• Linear wave ontology
• Empirical adequacy
• So, 

• If you want waves, they do not evolve linearly (you need 
to get rid of superpositions)

• GRW-style
• If you want particles, you have to “add” them: SQM has 

just the wavefunction 
• dBB-style

• Both options show the theory is not adequate
43

They are both empirical -Bill’s reading: “The theory we have is not OK. Do not fix measurement; fix the theory”



• 2. Nonlocality problem
• EPR + Bell + Aspect:

• Premise 1 (EPR+Bell): Locality+ SQM(EPR)
hidden-variables (Bell)new predictions 

• Premise 2 (Aspect): no new predictions
• Therefore, a local theory is empirically 

inadequate
• No theory can have: 

• Local interaction 
• Empirical adequacy

• Therefore: You must give up on locality
• Bill: “Can we resist the derivation from ‘local hv 

theory’ to ‘new predictions’?”
• Reject statistical independence  worse than 

rejecting locality!
• Options?  

44
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They are both empirical -Bill’s reading: “The theory we have is not OK. Do not fix measurement; fix the theory”



Options? 

• You tell me! 
• Find a mechanism for nonlocal interaction 

of separable matter? 
• Assume a non-separable ontology 

interacting locally? 
• ??? 

• Notice: 
• This is problematical already without 

even entering in the question of whether 
this theory is compatible with special or 
general relativity…. 
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Does Unity Led to 
Incompleteness?

• What Bill accepted: 
• Experiments say there are no superpositions 
• SQM says superpositions exist
• So, SQM is not empirically adequate 

• We need to add a spatiotemporal ontology 
(assuming we don’t want to go nonlinear) to make it 
compatible with relativity, which is about spacetime 

• The dealist requirement of unity leads to 
this temptation: 

• Experiments say interaction is nonlocal 
• Relativity is local 
• So, relativity is not empirically adequate

• We need to add some nonlocal structure to 
spacetime to make it compatible with QM which is 
nonlocal 

• Bill wouldn’t accept this… or would he? 
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Thank you!


