
No Thing There: Control, Readout, and Self-Referential Metrology
in Engineered Quantum Systems
Rowan Brad Quni-Gudzinas
2026-07-20

Abstract. "The Qubit Delusion" argued that the quantum computing industry's failure to deliver commercially viable
machines is an epistemic crisis — the qubit-gate-circuit model imports a particle ontology inconsistent with quantum field
theory and relational quantum mechanics. "Beyond the Qubit" surveyed alternative paradigms more faithful to quantum
reality. But neither paper answered a practical question: if no working quantum engineer actually believes a qubit is a
billiard-ball particle, then what ARE control pulses manipulating, and what does readout actually measure? This paper
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major platforms (superconducting transmon, trapped ion, spin qubit), the physics of control pulses and dispersive readout,
and the self-referential metrology (tomography) problem that sits at the heart of quantum characterization. We introduce a
consistent analogy family — the "electrical seesaw" — to make the physics intuitive without sacrificing accuracy. We then
formalize the calibration bootstrapping problem: how gate set tomography, randomized benchmarking, and bare
Hamiltonian spectroscopy together anchor the self-consistent calibration circle. We conclude that the particle-qubit
"delusion" is primarily pedagogical, not operational — working engineers already think in terms of modes, collective
excitations, and relational observables — but that the self-referential metrology challenge becomes genuinely acute at the
fault-tolerance threshold. A calibration register of eight dated, falsifiable predictions is provided to prevent post-hoc
rationalization.
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1. Introduction

1.1 The Question Behind the Critique

In 2026, the global quantum computing industry has absorbed an estimated $35 billion in combined public and
private investment. No commercially viable quantum computer exists [QubitDelusion2026]. The standard narrative
attributes this to engineering difficulty: qubits are fragile, decoherence is relentless, error correction is expensive,
and scaling is hard. This is undoubtedly true. But the QNFO research program has advanced a deeper diagnosis: the
qubit-gate-circuit model imports a particle ontology into quantum mechanics that is inconsistent with what we have
learned about quantum reality since the development of relativistic quantum field theory [QubitDelusion2026,

BeyondQubit2026].

"The Qubit Delusion" systematically deconstructed four scaffolds of the incumbent paradigm — qubit-as-particle,
gate-as-discrete-operation, decoherence-as-enemy, and error-correction-as-classical-coding — and identified the
invariants that survive scaffold removal (superposition, entanglement, correlation structure, phase coherence).
"Beyond the Qubit" surveyed alternative computational paradigms — measurement-based, continuous-variable,
topological, field-theoretic — that are more faithful to quantum reality.

But diagnosis without a constructive bridge is incomplete. The QNFO critique, while powerful, has left a practical
question unanswered: **if no working quantum engineer actually believes a qubit is a tiny billiard ball, then what
ARE control pulses manipulating? What does readout actually measure? And how does the self-referential character



of quantum state tomography affect our confidence in gate fidelities and error correction thresholds?**

This paper provides that bridge. It explains, in accessible yet rigorous terms, the actual working physics of
engineered qubits — what control pulses couple to, what readout amplifiers amplify, and where the calibration
circle finds its anchor. We call this project "No Thing There" — a reference both to the absence of a localized "qubit
particle" and to the relational, mode-based reality that quantum engineers work with every day.

1.2 What This Paper Is and Is Not

This paper IS:

A pedagogical bridge connecting ontological critique to working physics

A multi-platform explanation of qubit physical implementation

A formal treatment of the self-referential metrology problem

A calibration register with dated, falsifiable predictions

This paper IS NOT:

A repetition of the QNFO critique (see @QubitDelusion2026 for the full argument)

A survey of alternative paradigms (see @BeyondQubit2026)

An empirical forensics exercise (see @QubitDelusion2026 §3)

A defense of the $35B investment

1.3 Structure

Section 2 answers "what is a qubit physically?" across three platforms. Section 3 explains control pulses. Section 4
explains readout. Section 5 formalizes the self-referential metrology problem. Section 6 explains why quantum error
correction is necessary. Section 7 synthesizes the calibration circle and its anchor — the paper's core argument.
Section 8 extends the analysis to logical qubits as "relations of relations." Section 9 concludes with the calibration
register.

2. What Is a Qubit Physically?

2.1 The Two Answers (Both Correct)

If you ask a quantum engineer "what is a qubit?", you will get two answers, both correct at different levels of
abstraction:

1. The mathematical answer: A qubit is a two-level quantum system — a

vector  in a complex Hilbert space , subject to unitary evolution and projective
measurement.

1. The physical answer: A qubit is a carefully isolated two-level

subspace of a much richer physical object — a collective mode of a superconducting circuit, an electronic state of a
trapped ion, the spin of a confined electron, or a photon's polarization.

∣ψ⟩ = α∣0⟩ + β∣1⟩ C2



The mathematical answer is sufficient for writing quantum algorithms. But it obscures the physical reality — and it
is this obscuration that creates the "billiard-ball" misconception the QNFO critique targets. Let us examine the
physical answer in detail.

2.2 Platform 1: The Superconducting Transmon Qubit

A transmon qubit [Koch2007] is NOT a particle. It is the two lowest energy eigenstates ( , ) of an anharmonic
LC oscillator — a superconducting circuit containing a Josephson junction.

To understand this, imagine a simple electrical tank circuit: an inductor  (stores energy in magnetic field) and a
capacitor  (stores energy in electric field). Energy sloshes back and forth between them at a resonant frequency

. In classical physics, this sloshing can have any amplitude. In quantum mechanics, the sloshing is
quantized: the circuit can hold exactly 0, 1, 2, ... units of sloshing energy. Each unit is one quantum of excitation of
the circuit's electromagnetic mode — what physicists call a "photon" of the resonator.

An ordinary LC circuit has equally spaced energy levels — it is a harmonic oscillator. You cannot isolate two levels
for use as a qubit because the  and  transitions have the same frequency. A pulse intended to
flip  to  would also inadvertently excite  to .

The Josephson junction solves this. Replace the linear inductor with a junction that behaves as a nonlinear inductor
— its inductance depends on the current flowing through it. The resulting circuit is an anharmonic oscillator: the
energy level spacing is not uniform. The $|0\rangle \leftrightarrow |1\rangle
\omega_{01}$ is different from the  transition frequency . For a transmon with , the
anharmonicity $\alpha \equiv \omega{12} - \omega{01} \approx -5\% \omega_{01}$. This is sufficient to address

 without leakage to higher levels.

So physically:

 is the state where the circuit's charge sloshing mode has zero

quanta of excitation — the "vacuum" state of the plasmon mode.

 is the state with exactly ONE quantum of excitation — one

"photon" in the circuit's resonant mode.

The qubit is the restricted subspace 

of a larger Hilbert space that also contains , etc.

The excitation is a collective oscillation of Cooper pairs back and forth across the Josephson junction — billions
of electrons moving in lockstep, not a single particle. This is what "plasmon mode" means: a collective density
oscillation of the superconducting condensate.

The Electrical Seesaw Analogy

Think of the transmon as a very small electrical seesaw — a plank balanced on a pivot. When it's empty ( ), the
plank is still. When it's full ( ), the plank is tilting back and forth rhythmically, with one unit of energy in its
rocking motion. The Josephson junction makes the seesaw's energy steps uneven, so you can push it from "still" to
"rocking at level 1" without accidentally kicking it to "rocking at level 2."

A control pulse is a gentle, rhythmic push — a microwave electric field applied at exactly the seesaw's natural
rocking frequency. If you push in phase with the rocking, you add energy and tilt the plank higher. If you push out
of phase, you extract energy and calm it down. If you push just right, you can put it in a quantum blend of "still" and
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"rocking" — a superposition.

2.3 Platform 2: The Trapped-Ion Qubit

In a trapped-ion quantum computer [Bruzewicz2019], the qubit is NOT a circuit mode. It is two internal electronic
states of a single ion confined in an electromagnetic trap. Common choices:

Hyperfine qubit: Two hyperfine levels of the ground state (e.g.,

:  and ). Energy splitting  GHz, driven by microwave or
stimulated Raman transitions.

Optical qubit: A ground state and a metastable excited state (e.g.,

:  and ). Energy splitting  hundreds of THz, driven by narrow-linewidth lasers.

The physical ontology is different from the transmon, but the abstraction is the same: two energy eigenstates of a
larger Hamiltonian, isolated and coherently manipulated. The excitation is not a collective circuit oscillation but a
single electron's transition between well-defined atomic orbitals.

Control pulses are laser or microwave fields tuned to the transition frequency. They drive Rabi oscillations between
the two states — exactly the same mathematics as the transmon, but implemented in atomic physics rather than
circuit physics.

Readout in trapped ions uses state-dependent fluorescence: one of the two qubit states (the "bright" state) can be
driven to scatter many photons when illuminated by a laser, while the other (the "dark" state) scatters none.
Counting photons tells you which state the ion was in — a projective measurement.

2.4 Platform 3: The Spin Qubit

In a semiconductor spin qubit [Burkard2023], the qubit is the spin state of a single electron confined in a quantum
dot — a nanometer-scale electrostatic trap in a semiconductor (typically silicon or GaAs).

The two computational states are spin-up  and spin-down  relative to an external magnetic field. The energy
splitting is the Zeeman energy . Control pulses are oscillating magnetic fields (electron spin resonance, ESR)
or electric fields combined with spin-orbit coupling (electric dipole spin resonance, EDSR).

Readout typically converts spin to charge: an electron with spin-up can tunnel out of the dot to a nearby reservoir,
while spin-down cannot (or vice versa, depending on the energy-level alignment). The resulting change in charge is
detected by a sensitive electrometer — a single-electron transistor or quantum point contact. The final output is a
current.

2.5 The Common Abstraction

Across all three platforms, the pattern is the same:

Element Transmon Trapped Ion Spin Qubit

Physical system Superconducting circuit Single trapped ion Electron in quantum dot

Degree of
freedom

Plasmon mode (collective charge
oscillation)

Electronic state (orbital) Electron spin

, 0 or 1 quanta of mode excitation Two internal energy
eigenstates

Spin-up, spin-down
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Element Transmon Trapped Ion Spin Qubit

Control Microwave electric field (charge line) Laser/microwave
(Raman/Rabi)

Magnetic/electric resonance

Readout Dispersive shift of resonator State-dependent fluorescence Spin-to-charge conversion +
electrometer

In every case, the qubit is NOT a "thing" — it is a **constrained two-level subspace of a physical degree of
freedom**, engineered to be addressable, coherent, and measurable. The engineer does not picture a billiard ball.
They picture an energy level diagram, a Rabi chevron pattern, an IQ-plane cloud.

3. What Do Control Pulses Actually Manipulate?

3.1 The Transmon Case

A microwave control pulse is a voltage signal applied to a charge line that is capacitively coupled to the qubit. In the
transmon, the qubit Hamiltonian (restricted to the computational subspace) is:

The microwave drive adds a time-dependent term that, in the rotating frame at the qubit frequency, becomes:

where  is the Rabi frequency, proportional to the microwave amplitude. This term causes the qubit state to
rotate on the Bloch sphere — the familiar Rabi oscillations.

But what is happening PHYSICALLY? The oscillating electric field couples to the electric dipole moment of the
plasmon mode. It drives the collective charge oscillation, adding or removing energy. In the language of circuit
QED [Blais2004, Wallraff2004], the drive term is:

where ,  are the annihilation and creation operators for excitations of the circuit mode. Within the two-level
subspace, this maps to . But the underlying physics is mode excitation, not state vector rotation.

The two pictures are equivalent. The "Bloch sphere rotation" is the restricted-subspace representation of "mode
excitation in the two-level manifold." The engineer uses whichever picture is convenient — Bloch sphere for single-
qubit gates, mode picture for understanding leakage and cross-talk.

3.2 Two-Qubit Gates and Virtual Excitation

For a two-qubit gate mediated by a bus resonator, the situation is more subtle. The qubits are detuned from the bus
resonator by an amount  that is large compared to the qubit-bus coupling . The bus is NEVER "really" excited
— the interaction is a virtual exchange of a photon in the bus mode. The effective coupling is:
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The bus mode occupation remains essentially zero throughout. This is NOT a "transfer of an excitation" from qubit
1 to bus to qubit 2. It is a correlated phase accumulation mediated by the quantum vacuum of the bus mode. The
terminology of "excitation transfer" is a convenient fiction that works mathematically but misrepresents the physics.

This is a concrete example of the map-territory confusion diagnosed by "The Qubit Delusion": we say "the
excitation moves to the bus and back," but nothing moves. The qubits and bus form a coupled quantum system
whose collective energy shifts when the qubits are in different states — that energy shift translates to a phase on the
two-qubit state, implementing a controlled-phase gate.

3.3 Generalization: What Pulses Always Manipulate

Across all platforms:

Platform What the pulse couples to Physically manipulated

Transmon Electric dipole of plasmon mode Collective charge oscillation amplitude and phase

Trapped ion Electric dipole of atomic transition Electronic wavefunction amplitudes

Spin qubit Magnetic dipole of electron spin Spin orientation

Photonic Polarization/phase of optical mode Field quadratures

In every case, the pulse manipulates the **quantum state of a collective or single-particle degree of freedom**,
changing the probability amplitudes and relative phases of the computational basis states. The "gate" is an emergent
description, not a fundamental operation.

4. What Does Readout Actually Measure?

4.1 Dispersive Readout (Transmon)

In the transmon, readout uses dispersive coupling to a linear resonator [Blais2004]. The qubit-resonator system has
the Hamiltonian:

The term  means the resonator frequency depends on the qubit state:  for  and .

When we send a weak microwave probe tone at the bare resonator frequency, the reflected signal acquires a qubit-
state-dependent phase shift. We measure this phase shift by homodyne detection — mixing the reflected signal
with a reference and integrating. The result is a point in the IQ-plane: one cloud for , one cloud for .

The probe tone energy is FAR below the single-photon level in the resonator (  in the steady state). The
readout is "quantum non-demolition" (QND) to the extent that the probe does not induce transitions between the
computational states.

4.2 The Amplification Chain

The reflected probe tone carries a phase shift of order  to  radians — far too small for room-temperature
electronics. The signal passes through:

1. Josephson Parametric Amplifier (JPA): A near-quantum-limited amplifier
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operating at 10-20 mK. Adds noise of order one photon ( ) — the minimum allowed by quantum mechanics.

1. High Electron Mobility Transistor (HEMT): A semiconductor amplifier at

4 K. Adds ~10-20 photons of noise but provides high gain.

1. Room-temperature amplifiers and digitizers: Convert the signal to a

voltage trace, which is digitized and processed.

The crucial question: **where in this chain does the measurement actually occur?** This is the "Heisenberg cut"
problem — the boundary between quantum coherence and classical irreversibility.

4.3 The Heisenberg Cut Problem

The standard operational answer is: the projection happens at the first amplification stage where the signal becomes
irreversible (the JPA), because the measurement result is encoded in too many degrees of freedom to be coherently
reversed. But this is an operational definition, not a physical demarcation.

From the perspective of decoherence theory [Zurek2003], the measurement is complete when the qubit's state
information is irreversibly transferred to the environment — a process that can be modeled as continuous (not
instantaneous) and that depends on the coupling strength, amplifier gain, and temperature.

For practical calibration purposes, the Heisenberg cut matters because:

1. If projection occurs while the probe tone is still in the resonator (before

amplification), the qubit experiences measurement-induced dephasing that depends on the probe power and the
 ratio.

1. If projection occurs only after the JPA adds noise, our readout fidelity

models must account for amplifier-added noise as part of the measurement operator, not as post-measurement
classical noise.

The distinction may be operationally negligible at current fidelities (98-99%), but at the  and below regime
required for fault tolerance, the location of the cut could matter for error model accuracy.

5. The Self-Referential Metrology Problem

5.1 The Circularity

Quantum state tomography reconstructs the density matrix  by measuring the qubit in multiple bases and applying
maximum-likelihood estimation [Gross2010]. To do this, you must:

1. Prepare the qubit in known states using calibrated gates.

2. Apply measurement operators whose calibration you trust.

3. Collect statistics and reconstruct .

But how do you calibrate the gates and measurement operators? You prepare what you THINK is a known state
(using gates you calibrated), measure it (using readout you calibrated), and adjust until the outcomes match
expectations. This is the calibration circle:

∼ ℏω
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Every element is defined in terms of every other element. The fear is not that the system is inconsistent — self-
consistency can always be achieved — but that it may be CONSISTENTLY WRONG. The entire characterization
framework could be locked into a local minimum of the calibration landscape that is self-consistent but does not
correspond to physical reality.

5.2 Gate Set Tomography (GST)

Gate Set Tomography [BlumeKohout2013] is the most sophisticated response to this circularity. Rather than treating
the circularity as a bug, GST treats it as a feature: jointly estimate ALL gates and measurement operators
simultaneously, without any pre-calibrated reference.

GST works by:

1. Preparing the qubit in a fiducial set of states using a fiducial set of gates.

2. Applying sequences of the gate(s) to be characterized.

3. Measuring in a fiducial set of measurement bases.

4. Fitting the entire dataset to a single self-consistent model.

The output is a gauge-dependent estimate of the gates and SPAM (state preparation and measurement) errors.
Gauge freedom means that certain transformations of the gate set produce exactly the same measurement statistics
— you cannot distinguish between them by any experiment.

The critical question [Merkel2013]: is the gauge freedom operationally irrelevant? For error correction thresholds, the
answer may be "no." Different gauge choices assign errors to different parts of the circuit — gates vs. measurements
vs. state preparation. A decoder that assumes errors come from gates will perform differently from one that assumes
errors come from measurements, even if both are self-consistent with the same data.

5.3 Randomized Benchmarking (RB)

Randomized Benchmarking [Magesan2011] provides a partially independent check. RB measures the average gate
fidelity by applying random sequences of Clifford gates and measuring the decay of the sequence fidelity with
increasing sequence length.

RB does NOT require pre-calibrated gates — it self-averages over gate errors. However, RB still uses the same
physical qubits, the same control electronics, and the same readout chain as GST. It is "partially independent" in that
it probes a different statistical quantity (average fidelity rather than full process matrix), but it is not truly
independent — it shares the same physical infrastructure.

5.4 The Spectroscopic Anchor

The best candidate for an independent anchor is multi-level spectroscopy of the bare Hamiltonian — before the
qubit subspace restriction is imposed.

For a transmon, the anharmonicity  can be measured by:

1. Applying a two-tone spectroscopy: a probe tone near  that

populates , and a second tone whose frequency is swept. When the second tone hits , the  population
decreases — a clear spectral feature.

1. This measurement only depends on the bare Hamiltonian's eigenvalues. It

α = ω ​ −12 ω ​01
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does not assume the qubit subspace exists — it treats the transmon as the multi-level system it is.

1. The measured , , and  are physical

energy differences, not calibration conventions. They anchor the computational subspace in the larger Hilbert space.

Spectroscopic anchoring is not circular in the way that GST is. It probes the Hamiltonian directly, without
needing pre-calibrated gates or measurements in the qubit subspace. The only requirement is that the spectroscopy
tones are frequency-calibrated (which can be done with a standard frequency counter, independently of any qubit
operations).

However, even spectroscopy is not perfectly independent. The readout chain (JPA, HEMT, digitizer) is the same as
for qubit readout. A systematic error in the readout could shift the apparent spectral features. This residual
circularity is small (bounded by the readout fidelity) but not zero.

5.5 How Big Is the Problem?

At current gate fidelities (99.9% for single-qubit gates, 99% for two-qubit gates), the calibration circularity is a
second-order concern. The dominant errors are physical (decoherence, leakage, cross-talk), not metrological.

But the fault-tolerance threshold requires per-gate error rates of $\sim 10^{-4} 10^{-3}
10^{-10}$ or below requires well-characterized physical error rates at

comparable levels. In this regime, calibration circularity could become the limiting factor — not because the qubits
are bad, but because we cannot verify how good they are.

This is the core insight of the "No Thing There" project: **the self-referential metrology problem is negligible now,
but it becomes the bottleneck at the fault-tolerance threshold.** The particle-qubit "delusion" is pedagogical; the
calibration circularity is operational — and it will get worse with scale.

6. Why Do We Need Quantum Error Correction?

6.1 The Fragility of the Seesaw

The electrical seesaw is never perfectly isolated. Stray electric fields, magnetic fluctuations, thermal photons, and
even cosmic rays all gently bump it. These bumps cause:

Bit flips: The qubit spontaneously transitions from  to

 or vice versa (energy relaxation, ).

Phase flips: The superposition's phase relationship drifts (pure

dephasing, ).

Leakage: The qubit escapes the computational subspace to 

or higher.

These are all perfectly allowed quantum mechanical processes — they are noise, not a failure of quantum
mechanics itself. We are not "correcting quantum mechanics." We are correcting for unwanted interactions that
quantum mechanics itself allows.
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6.2 Why Not Just Build Better Qubits?

You can build a qubit to be extremely quiet — and we do. State-of-the-art transmons have  and
. Trapped-ion qubits can have coherence times of seconds to minutes.

But there is a fundamental limit: **if a qubit is perfectly isolated from everything, you cannot control it or read it
out.** The very wires and lasers you need to push the seesaw and listen to its echo are also paths for noise to sneak
in. Any usable qubit must be somewhat open, and therefore somewhat leaky. This is not an engineering limitation
— it is a thermodynamic necessity [DiVincenzo2000].

6.3 The Crowd Protection Strategy

Error correction solves this by using redundancy across space, not improved isolation. Instead of trying to make
one qubit perfect, we spread one logical qubit across many physical qubits and constantly check them against each
other.

Analogy: a crowd protecting one voice. Imagine you want to transmit a message across a noisy room. Rather than
shouting louder (better isolation), you have multiple people all sing the same note. When one person wobbles off
pitch, the others hold steady — and a conductor (the decoder) notices the wobble and sends a gentle correction
signal to bring the wobbling singer back in tune. The correction never needs to know the exact note that was lost. It
only needs to detect and fix the wobble.

This is the miracle of quantum error correction [Devitt2013, Fowler2012]: it continuously detects and fixes tiny
random nudges, indefinitely, while the computation runs, without ever measuring the logical qubit's state. The
syndrome measurements (parity checks) reveal only the error, never the information.

6.4 The Two-Level System as Strategic Choice

Why a two-level system rather than a continuous variable? Because errors in analog systems smear values
continuously — a small noise bump changes the value slightly, and you cannot distinguish noise from signal. In a
two-level system, errors are digitized: a bit flip is a complete change from 0 to 1. This means:

1. Errors are countable and correctable (syndrome extraction).

2. The threshold theorem applies — if the physical error rate is below a

threshold, logical error rates can be suppressed arbitrarily [Fowler2012].

1. Superposition still works: the qubit can be in a blend of 0 and 1, giving

quantum computational power while retaining digital correctability.

The two-level system is the minimal unit that is both quantum (can superpose) and digitally correctable (errors flip a
rung, not smudge a value). This is not a limitation — it is a strategic choice to domesticate quantum richness into a
language that can be checked, corrected, and scaled.

7. The Calibration Circle and Its Anchor

7.1 The Full Stack as Layered Calibration

We can now see the entire quantum computing stack as a hierarchy of calibration loops:

T ​ >1 300 μs
T ​ >2 100 μs



Each level is calibrated using the level below it, with residual circularity at each step. The anchor at Level 0
(spectroscopy) is the strongest but not perfect. The circularity grows as we ascend the stack.

7.2 The Three Anchors

Anchor What it measures Independence Limitation

Spectroscopy Bare Hamiltonian eigenvalues (
, , )

High — probes multi-level system
before subspace restriction

Same readout chain as qubit
operations

Randomized
Benchmarking

Average gate fidelity via
sequence-length scaling

Medium — probes a different statistical
quantity than GST

Same physical hardware as
GST

Gate Set Tomography Full process matrices with gauge
freedom

Low — self-consistent by design Gauge freedom may mask
systematic errors

The three anchors form a triangulation: GST provides comprehensive but gauge-dependent estimates; RB provides
a single-number check that is partially independent; spectroscopy provides a physical anchor in the bare
Hamiltonian. Together, they bound the calibration uncertainty.

7.3 The Scaling Problem

At 5-10 physical qubits (current mature devices), the three anchors provide adequate cross-validation. But as
systems scale to 100, 1,000, 10,000 qubits:

1. Spectroscopy must be repeated for each qubit — but qubit frequencies

vary across the chip due to fabrication variability.

1. RB and GST become exponentially expensive — full GST of an -qubit

system requires resources exponential in .

1. Cross-talk introduces correlated errors that are not captured by

single-qubit calibration.

The calibration circularity that is manageable at 10 qubits may become the limiting factor at 10,000 qubits — not
because any individual calibration is wrong, but because the residual circularity accumulates across the system in
ways that current metrology cannot detect.

7.4 Is This Fatal?

Probably not. The fault-tolerance threshold theorem [Fowler2012] is robust to calibration errors as long as the errors
are BELOW the threshold and approximately independent. The question is whether calibration circularity
introduces systematic errors that violate the independence assumption.

The calibration register (§9) provides eight dated, falsifiable predictions to prevent post-hoc rationalization. The key
prediction: by 2032, calibration circularity will be recognized as a distinct research frontier, not merely a footnote to
error correction.
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8. Logical Qubits as "Relations of Relations"

8.1 The Layered Ontology

If a physical qubit is already a relational construct — a constrained two-level subspace defined by its Hamiltonian
symmetries, not by any localized "substance" — then what is a logical qubit?

A logical qubit in the surface code [Fowler2012] is a non-local property of a two-dimensional lattice of physical
qubits. It is not "stored" in any particular physical qubit. It is a topological invariant of the code space — a
property that is robust to local perturbations as long as the error rate is below threshold.

If physical qubits are "relations" (between a microscopic degree of freedom and its classical control infrastructure,
as argued in §2), then logical qubits are indeed relations of relations — non-local properties of an already-
relational substrate.

8.2 Does the Layering Introduce Fragility?

The question is whether relational abstraction is fragile or robust under iteration. Two perspectives:

The robust view: Each level of abstraction (physical qubit → logical qubit → fault-tolerant computation) is a
protected subspace of the level below. The protection is provided by error correction, which is a physical process,
not merely a mathematical abstraction. The "relation of relations" is as physical as any relation in quantum
mechanics — which is to say, entirely relational, and entirely real.

The fragile view: Each layer of abstraction introduces new gauge freedoms. The logical qubit's fidelity can only be
verified by measurements on physical qubits, whose calibration is circular. The gauge freedom at Level 3 (error
models) compounds with the gauge freedom at Level 2 (GST) and the residual circularity at Level 1 (readout
calibration). The "relation of relations" may be a house of cards — internally consistent but externally unmoored.

8.3 The QNFO Synthesis

The QNFO research program, from "The Qubit Delusion" through the ZBW p-adic observable work
[ZBWPadic2026] and the Adelic QEC proposal, has consistently argued that the relational character of quantum
mechanics demands a re-thinking of the entire computational stack.

But the "No Thing There" project adds a crucial nuance: **acknowledging that the stack is relational does not make
it invalid.** The calibration circle has an anchor (spectroscopy). The error correction threshold is robust to the
residual circularity, at least at current scales. The "delusion" is in thinking qubits are particles — not in thinking they
exist.

The challenge is not ontological but metrological. We must develop calibration methods that are provably
independent at the fault-tolerance scale, not merely self-consistent at the few-qubit scale. This is a genuine research
frontier, and it is where the QNFO critique meets constructive engagement with the quantum computing industry.

9. Conclusion

9.1 Summary

1. A qubit is NOT a particle. It is a constrained two-level subspace of a



physical degree of freedom — a collective circuit mode (transmon), electronic states (trapped ion), or spin
orientation (quantum dot). Working quantum engineers have never thought otherwise.

1. Control pulses manipulate the quantum state of that degree of freedom.

In a transmon, they couple to the electric dipole of the plasmon mode, driving collective charge oscillations. The
"Bloch sphere rotation" and "mode excitation" pictures are mathematically equivalent.

1. **Readout measures a macroscopic observable that correlates with the qubit

state.** In the transmon, the qubit-state-dependent phase shift of a probe tone, amplified through a chain of near-
quantum-limited amplifiers. The "Heisenberg cut" — where projection occurs — is operationally defined but
philosophically unresolved.

1. Self-referential metrology is genuinely circular, but has an anchor.

Multi-level spectroscopy of the bare Hamiltonian provides an independent reference for the computational
subspace. Gate set tomography provides self-consistency. Randomized benchmarking provides a partial cross-
check. Together they bound, but do not eliminate, calibration uncertainty.

1. Error correction is necessary because perfect isolation is impossible.

QEC uses redundancy across space to protect quantum information, not improved isolation. This is a
thermodynamic necessity, not an engineering shortfall.

1. **The calibration circularity becomes the bottleneck at the fault-tolerance

threshold.** At 10-100 qubits, calibration errors are dominated by physical noise. At 10,000 qubits, residual
circularity may become the limiting factor for error-model accuracy.

1. The "Qubit Delusion" is primarily pedagogical, not operational. The

particle-qubit picture misleads students and the public, but practicing engineers work with modes, excitations, and
relational observables. Fixing the pedagogy matters for workforce development, not for hardware design.

1. **Logical qubits as "relations of relations" is a novel framing that

deserves investigation.** Whether layered relational abstraction is robust or fragile under iteration is an open
question with implications for fault-tolerant quantum computing at scale.

9.2 Calibration Register

The following dated, falsifiable predictions are locked as of 2026-07-20 to prevent post-hoc rationalization:

|

# Prediction
Check
Date

P(true)

P1 Multi-level spectroscopy remains an independent anchor for qubit calibration 2028 0.90

P2 GST gauge freedom introduces systematic errors >10% of estimated error rate below  fidelities 2030 0.55

P3 Calibration drift patterns at >1,000 qubits require new calibration methods beyond those adequate at
<100 qubits

2032 0.40

P4 Consensus emerges that particle-qubit confusion is pedagogical, not operational 2030 0.65

P5 Mode-based pedagogy produces measurably better calibration intuitions than particle-based pedagogy 2035 0.50

P6 "Self-referential metrology" appears as a distinct research area in ≥3 major QC conference tracks 2032 0.45
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# Prediction
Check
Date

P(true)

P7 Heisenberg cut location becomes experimentally testable via high-fidelity QND measurements 2035 0.30

P8 Logical qubit verification at  error level remains circular but bounded by  independent checks 2035 0.70

First audit due: 2027-07-20.

9.3 The $35 Billion Question

Does the failure of quantum computing to deliver commercially viable machines reflect a map-territory confusion at
industrial scale, as "The Qubit Delusion" argues?

The nuanced answer: At the level of public communication and investment narrative, yes — the particle-qubit
picture has enabled systematic overpromising. At the level of working physics, no — engineers build and calibrate
qubits using the correct relational, mode-based framework.

The real epistemic risk is not that qubits don't exist. It is that we cannot verify, with sufficient independence, that
our error models are correct at the  level required for fault-tolerant quantum computation. The calibration
circle is real, it has an anchor, but the anchor's grip weakens as we approach the fault-tolerance threshold. Whether
this is a manageable metrological challenge or a fundamental limitation is the question that the calibration register is
designed to answer.
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