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Chapter 27 of "The NeuroAl Handbook"”
What qubits actually are, why the brain probably is not one, and how quantum ideas reframe old questions about the mind.

One-sentence thesis. Whether or not the brain exploits quantum mechanics, the discipline of building Al on
quantum principles hands us a new, formal language for the holistic and probabilistic character of thought.

PART 1: The Question, and the Skeptic

I The Central Question

This is the most speculative chapter in the book, and
it earns that label honestly. The question is simple
to state and hard to answer: are there quantum ef-
fects in the brain that are essential for cognition?
The claim is not that the brain is a quantum computer.
It is a narrower, more useful move, to ask whether
the vocabulary of quantum mechanics, superposition
and entanglement, gives us new ways to think about
consciousness, ambiguity, and the unity of experience.
Treat what follows as exploration, not doctrine.

I Warm, Wet, and Noisy

Before entertaining any parallel, respect the main-
stream verdict, which is deeply skeptical. Quantum
states are fragile. The instant a quantum system in-
teracts with its environment, thermal jostling, stray
tields, vibration, its delicate superposition decoheres
and collapses to an ordinary classical state. This is

why real quantum computers run near absolute zero
in extreme isolation.

The brain is the opposite: body temperature, soaked
in a churning biochemical soup. Here is the killer
detail. Estimated decoherence times in that environ-
ment are nanoseconds to microseconds, while cog-
nition unfolds over milliseconds to seconds, orders
of magnitude too slow for any quantum coherence
to survive and do useful work (Tegmark, 2000). A
second objection compounds it: quantum effects are
an atomic-scale phenomenon, and leaping from there
to the behavior of large neural circuits is an enormous,
unproven jump in scale.
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Coherence dies long before a thought completes; the gap is the skeptic’s
whole case.
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PART 2: Two Quantum Ideas, and Their Cognitive Echoes

I Superposition, the Spinning Coin

To even ask the question you need two concepts, and
the first is superposition. A classical bit is a switch,
tirmly 0 or 1. A qubit is more like a coin mid-spin: it
is genuinely a blend of heads and tails at once, and
only when you stop and “measure” it does it snap to
a single definite outcome.

& ANALOGY

A spinning coin is neither heads nor tails, it is
both, in proportion, until it lands. A qubit is the
same: it holds a weighted mixture of 0 and 1, and
the act of looking is what forces the choice. You
never observe the spin, only the landing.

In symbols, a qubit’s state is a weighted combination
of the two basis states, with the squared weights giv-
ing the probabilities of each measurement outcome:
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A parallel to cognition? When you weigh an ambigu-
ous decision, your mind seems to hold several conflict-
ing possibilities in suspension before one “collapses”
into a conscious choice. Superposition is at least a
vivid metaphor for that suspended, pre-decision state.
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Measurement collapses one state into one classical outcome, with
probability set by the weights.

I Entanglement, the Twin Coins

The second concept is entanglement, what Einstein
derided as “spooky action at a distance.” Two qubits
can be linked so their fates are a single unified whole:
measure one and you instantly know the other, no
matter how far apart they sit.

& ANALOGY

Two twin coins are flipped and fly to opposite
ends of the universe. The moment you see one
landed heads, you know, instantly, the other is

tails. Nothing traveled between them; their out-
comes were one linked thing all along.

A parallel to cognition, the binding problem. Look
at a red ball and your brain processes its color, shape,
and motion in separate regions, yet you perceive one
unified object, not three loose features. How the brain
binds distributed processing into a single percept
(Treisman, 1996) is a genuine mystery. Entanglement
offers a metaphor, and perhaps only a metaphor, for
that instantaneous unification of scattered informa-
tion into one experience.



PART 3: Modeling a Quantum Mind

I Quantum Neural Networks

To test any of these ideas you need a tool that natively
speaks superposition and entanglement. That is a
Quantum Neural Network (QNN), a hybrid classical-
quantum machine that runs in a loop. First, encode
classical data into the states of a set of qubits. Sec-
ond, process them through a parameterized quan-
tum circuit: layers of rotation gates whose angles act
as learnable weights, plus entangling gates (CNOTs)
that correlate the qubits. Third, measure, collapsing
the result to a classical output. Fourth, a classical
optimizer computes the loss and nudges the rotation
angles by gradient descent, then the loop repeats.

The point of a QNN is not raw speed. It is that su-
perpositions and entangled correlations, awkward
to represent classically, are the circuit’s native lan-
guage, which may make QNN the right instrument
for probing theories of quantum cognition. We are
in what Preskill (2018) named the NISQ era, noisy,
intermediate-scale quantum hardware, so these re-
main small and experimental.

Encode Quantum circuit
data — qubits rotations 0 +
q CNOT entanglers

I Does Biology Ever Go Quantum?

The strongest card for the optimists is that biology
has been caught exploiting quantum mechanics. Pho-
tosynthesis appears to use quantum coherence to
route energy with near-perfect efficiency (Engel et
al., 2007); bird navigation and certain enzymes are
further candidates. This proves biology can harness
quantum effects, but it is a long way from there to
sustained quantum computation over the slow, warm
timescales of thought. The boldest proposal, Penrose
and Hameroff’s Orch-OR theory, locates quantum
coherence in neuronal microtubules and ties it to
consciousness itself, an idea that is provocative, un-
proven, and squarely in the path of the decoherence
objection.

I Why Bother

Even if the brain turns out to be entirely classical, the
exercise pays off. Building Al on quantum principles
forces us to engage the holistic, probabilistic, deeply
interconnected nature of the mind, and it may yield
a new generation of models that are more powerful,
and perhaps more brain-like, than anything we have
today.
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A QNN is mostly a classical training loop wrapped around a small quantum circuit.

Quantum concept

Superposition Holding ambiguity before a choice col-
lapses

Entanglement Binding distributed features into one
percept

Decoherence Why quantum states cannot survive
in the brain

Quantum biology Photosynthesis, bird navigation use

coherence

Orch-OR (microtubules)
sciousness

Proposed cognitive parallel

Coherence in neurons produces con-

Where it stands

Metaphor, not mechanism
Metaphor, not mechanism
Strong objection

Real, but not computation

Speculative, contested

Quick Self-Test

1. Explain superposition with the spinning-coin analogy, and say precisely what “measurement” does to the

qubit.



2. State the decoherence objection to the quantum-brain hypothesis, and explain why the brain’s timescales

make it so sharp.

What is the binding problem, and in what sense does entanglement “address” it, mechanism or metaphor?

4. Walk through the four stages of a QNN’s hybrid loop, and say which parts are quantum and which are
classical.

5. Photosynthesis exploits quantum coherence. Why is that not evidence that the brain computes quantumly?

If You Remember One Thing

w

The brain is almost certainly too warm, wet, and noisy to run quantum computations; on the timescales
cognition needs, decoherence wins. The lasting value of this frontier is not a quantum brain but a new
vocabulary, superposition and entanglement, for modeling the holistic, probabilistic character of thought, and a
new class of machines, QNNs, for putting those ideas to the test.
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