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What this is
One topic from each of the five Kickstart sessions, each carried through in full: the consecutive slides that build
the idea, followed by the companion-notebook page where it becomes executable.

Single pages show a house style. Complete topics show whether the material actually teaches — whether a claim is set up,
worked through, and then checked in code. Taking one topic from every session also shows the range: the first three
assume no physics and can be followed line by line, while the last two are the judgement a team needs before spending
money on hardware or believing a machine-learning result.

Quantum Kickstart is a five-session introduction for quantitative and data-engineering teams. The prerequisites are Python
and the ability to multiply matrices; no physics is assumed. Each session runs three to four hours and pairs a deck with a
runnable Jupyter notebook, and each participant receives an extended handout of the kind sampled here — every slide that
carries an argument, reproduced with the explanation that accompanied it in the room.

The three devices used throughout

Check yourself. A question the reader should be able to answer before moving on — used to convert a passive page into an
active one.

Common pitfall. A mistake that is made reliably. Naming the error explicitly is more durable than stating the correct version
once.

In the notebook. The pointer into the companion notebook, so every claim on the page can be executed rather than believed.
Each topic here ends on the page it points at.

The standard applied throughout
Every quantitative claim is stated against a classical referee — the exact optimum where one can be computed, a held-out
test set and the incumbent method where it cannot. Two of the five notebook pages here exist mainly to apply that
standard: one checks a textbook formula against a noisy simulation, and one puts a quantum classifier next to logistic
regression, an SVM and a random forest. Where there is no advantage to report, the material reports that.
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TOPIC 1 OF 5 · WHAT IS A QUBIT · SESSION 1

A bit is a value; a qubit is a direction
A classical bit is in one of two states, and that is all it can be. A qubit has the same two basis states, but it can also occupy
a weighted combination of them — and the weights carry a phase, which is why the continuum here is a circle rather than a
line segment.

The practical consequence: to describe a bit you need one binary digit; to describe a qubit before measurement you need
two complex numbers. That is a far richer object, and the rest of this session is about handling it precisely.

Common pitfall. “A qubit is both 0 and 1 at the same time.” Prefer: a qubit is in a definite state that is not one of the two you
are able to read out. Measurement is what forces it into one of them.
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TOPIC 1 OF 5 · WHAT IS A QUBIT · SESSION 1

The definition everything rests on
This is the single most important line of the course. A qubit state is a weighted sum of the two basis states, where the
weights — the probability amplitudes — are complex numbers.

|ψ⟩ = α · |0⟩ + β · |1⟩          α, β ∈ ℂ

Two things to notice. The amplitudes are not probabilities; their squared magnitudes are, which is what the next slide
makes precise. And their being complex is not decoration — it is precisely the freedom that gives us phase, and phase is
what makes interference possible.

If you take one formula out of Session 1, take this one.
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TOPIC 1 OF 5 · WHAT IS A QUBIT · SESSION 1

The reality check condition
The squared magnitudes of the amplitudes are the probabilities of the two possible outcomes — the Born rule. Since 0 and
1 are the only things that can happen, those probabilities must sum to one.

P(0) = |α|²     P(1) = |β|²     |α|² + |β|² = 1

We will call this the reality check condition and use it constantly. Any time you produce a state vector, check it: it is the
fastest way to catch an arithmetic slip, and later it is what forces quantum gates to be unitary rather than arbitrary
matrices.

It is not a physical mystery. Probabilities of exhaustive alternatives sum to one, exactly as they do in any risk model.
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TOPIC 1 OF 5 · WHAT IS A QUBIT · SESSION 1

…and the same condition, tested in code
The three pages before this one build to a single condition: a state is a qubit only if its squared amplitudes sum to one. This
is the notebook cell that applies it — the four states from the slides, each checked, and then the counter-example, which
fails the check and says so.

Check yourself. The notebooks run on a laptop with no internet connection and no hardware account. Nothing in the first four
sessions needs queue time or a vendor relationship, so a participant can re-run any of it the following week.



Quantum Kickstart · Extended Handout — Sample Topics qubit-lab.ch

Quantum Kickstart qubit-lab.ch   |   contact@qubit-lab.ch Page 6

TOPIC 2 OF 5 · QUANTUM INTERFERENCE · SESSION 2

The Hadamard as an amplitude-path splitter
Start from what we know. H is self-adjoint, so it is its own inverse, so two Hadamards in a row are an identity. Nothing
happens. That is the boring statement — and the slide asks us to look at how nothing happens.

The picture on the right is the useful one. The first Hadamard splits the amplitude into two paths, one via zero and one via
one. The second recombines them. Follow the coloured flows: the paths arriving at the zero outcome add up, and the paths
arriving at the one outcome cancel.

The identity is not the absence of activity. It is two things happening and cancelling exactly. Nothing happened only
because the paths were precisely out of step at the one outcome — and that is a fact we are about to change.

In the notebook. Code Bite 2.5 traces both paths numerically.
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TOPIC 2 OF 5 · QUANTUM INTERFERENCE · SESSION 2

–H–H– with the arithmetic
The same circuit, now with numbers. After the first H both paths carry 1/√2. The second H sends zero to a balanced sum
and one to a balanced difference — that minus sign is the whole story.

onto |0⟩ :  ½ + ½ = 1          onto |1⟩ :  ½ − ½ = 0

So the probability of measuring one is zero — not because nothing was there, but because two contributions of equal size
arrived with opposite sign. Constructive interference at the zero outcome, destructive at the one outcome.

Check yourself. Four numbers and two additions. Do them yourself. Having done the arithmetic once, you will trust the next
page rather than take it on faith.
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TOPIC 2 OF 5 · QUANTUM INTERFERENCE · SESSION 2

–H–Z–H– : one sign, opposite result
Now insert a Z between the two Hadamards. Z does exactly one thing: it flips the sign of the |1⟩ amplitude — a phase shift
of π on that path, and nothing else.

Follow the flows again. The split is the same. The recombination is the same. But because one path now carries a minus
sign, the additions swap: the contributions that used to cancel now add, and the ones that used to add now cancel. The
circuit that did nothing at all now flips the qubit.

Three gates, one sign, opposite result. That is quantum interference, and it is the entire trick of quantum computing.
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TOPIC 2 OF 5 · QUANTUM INTERFERENCE · SESSION 2

…and the whole dial, swept
The slides work two cases by hand: nothing in the middle, then a Z. The notebook sweeps the phase continuously and plots
the result, so both cases turn out to be points on a single curve — H–H at the left, H–Z–H at the peak.

Check yourself. The orange markers are 500-shot estimates laid over the exact curve. Sampling noise becomes visible as
scatter around the theory, which is the first appearance of a question that runs through Sessions 4 and 5: how many shots is
an answer worth?



Quantum Kickstart · Extended Handout — Sample Topics qubit-lab.ch

Quantum Kickstart qubit-lab.ch   |   contact@qubit-lab.ch Page 10

TOPIC 3 OF 5 · ENTANGLEMENT · SESSION 3

The CNOT, and the sequence that entangles
Until now every gate acted on one qubit. The CNOT — controlled-NOT, also written CX — acts on two. The rule is simple: if
the control qubit is in state one, apply an X to the target; if the control is zero, do nothing. Since valid gates always have as
many outputs as inputs, a two-qubit gate is a 4×4 matrix.

Now the sequence that matters: a Hadamard on the control, then a CNOT. After it, the two qubits are entangled.

Common pitfall. Resist defining entanglement as “spooky correlation”. The operational definition is both correct and
checkable: the state of the pair cannot be factored into a product of two single-qubit states. Neither half has a state of its
own.

In the notebook. Code Bite 3.5 builds it; Code Bite 3.6 tests whether it is really entangled.
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TOPIC 3 OF 5 · ENTANGLEMENT · SESSION 3

Two qubits, with and without a CNOT
The upper block is deliberately the boring one: a Hadamard on each of two qubits, no interaction. Each is independently
50/50, so all four combinations appear at 25% each. Nothing surprising — but it is the baseline you need.

The lower block adds the CNOT, and two outcomes vanish. Only |00⟩ and |11⟩ appear. Each qubit is still individually 50/50
— measure just one and you learn nothing — but the outcomes are now perfectly correlated.

Common pitfall. This histogram is exactly what two copies of a single coin flip would give. From this measurement alone you
cannot tell that anything quantum is happening. The CHSH test in the notebook is how you actually prove it — and it needs
measurements in other bases, which is why it could not appear any earlier.

Check yourself. Does this transmit information faster than light? No. The second qubit's own statistics are unchanged
whether or not the first was measured. The correlation only appears once the two records are brought together.

In the notebook. Code Bites 3.1 and 3.5; the proof is Code Bite 3.8.
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TOPIC 3 OF 5 · ENTANGLEMENT · SESSION 3

Writing the two-qubit state down
The state after that circuit, written properly: a superposition of the four basis states with four complex amplitudes, stacked
into a column vector of length four.

|ψ⟩ = α|00⟩ + β|01⟩ + γ|10⟩ + δ|11⟩

For the Bell state just built, two of those amplitudes are 1/√2 and two are zero. That is the whole content of the histogram,
in a form you can compute with.

Check yourself. One qubit needed two amplitudes; two qubits need four. How many will three need? That doubling is the
theme of the next four pages.
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TOPIC 3 OF 5 · ENTANGLEMENT · SESSION 3

…and the Bell state, built and measured
A Hadamard, a CNOT, and 4,000 shots. The statevector is printed alongside the histogram, so the amplitudes and the
measured frequencies can be compared directly: only 00 and 11 ever appear.

Common pitfall. This histogram is also exactly what two copies of one coin flip would produce, which is why the notebook
does not stop here. The CHSH test later in the same notebook is what actually separates entanglement from ordinary
correlation.



Quantum Kickstart · Extended Handout — Sample Topics qubit-lab.ch

Quantum Kickstart qubit-lab.ch   |   contact@qubit-lab.ch Page 14

TOPIC 4 OF 5 · SIMULATORS VERSUS HARDWARE · SESSION 4

They answer different questions
Simulators answer: can this algorithm be defined and explored? Hardware answers: can this algorithm survive real-world
constraints? Those are different questions, and confusing them is the most common error in the field.

Check yourself. The sentence to use with management: a simulator result is a statement about the algorithm; a hardware
result is a statement about the machine. Both are legitimate. Presenting the first as though it were the second is how
quantum programmes lose credibility — usually by accident rather than intent.

Note the closing line of the slide and mean it: depending on your objective, a simulator may be entirely sufficient. That is
not a consolation prize.
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TOPIC 4 OF 5 · SIMULATORS VERSUS HARDWARE · SESSION 4

What each one is actually for
Simulators are excellent for development, debugging, validating circuit logic, exploring parameter landscapes and
pre-training quantum layers. Only hardware reveals shot noise, compilation and connectivity effects, calibration drift, and
whether an approach is practically viable.

The lower half is the part worth dwelling on: if your PoC is about problem formulation, algorithm behaviour, expressivity or
pipeline integration, a simulator is sufficient — and that covers most finance PoCs being run today.

Common pitfall. The slide leaves the cost dimension implicit. Simulators are free and instant; hardware has queues, per-shot
pricing and calibration windows. A training loop that takes four minutes on a laptop can take days on a device — not because
the device is slow per circuit, but because there are tens of thousands of circuits and a queue in front of each batch.
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TOPIC 4 OF 5 · SIMULATORS VERSUS HARDWARE · SESSION 4

PoC objectives, and what each one actually needs
A decision aid rather than a reference table. Note how many rows read simulator yes, hardware no — concept feasibility,
algorithm behaviour, QML expressivity, baseline comparison and pipeline integration are all simulator work.

The parameter-transfer row is the honest middle: train on a simulator, evaluate on hardware, and call it a behavioural
transfer test rather than proof of readiness.

Check yourself. In most Swiss finance conversations the relevant row is either concept feasibility or pipeline integration —
both firmly simulator-only. That is a far more comfortable conversation to have early than after someone has budgeted for
hardware access they did not need.
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TOPIC 4 OF 5 · SIMULATORS VERSUS HARDWARE · SESSION 4

…and a noisy simulator, put to work
The slides argue that simulators and hardware answer different questions. This is a simulator answering one of them: the
same circuit run at increasing depth under a realistic noise model, with the measured success rate plotted against the
analytic prediction.

Check yourself. The two curves meet where the formula says they should. That is what a noise simulator is for — not to
imitate a particular machine, but to check whether a claim about one survives contact with arithmetic.
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TOPIC 5 OF 5 · QUANTUM MACHINE LEARNING · SESSION 5

The dataset, and every compromise in it
Real transaction data: 28 PCA-derived features plus Time and Amount, 492 frauds in 284,807 transactions — roughly one in
579. A balanced subset of 984 transactions is built, split 80/20 into 787 training and 197 test cases. And because of
simulator limits only the top five PCA features are used, explaining about 22 percent of the variance.

Common pitfall. That last constraint is severe, and every result must be read in its light. This is a demonstration of a pipeline,
not a fraud model anyone should deploy.

Check yourself. The balanced-subset choice is a modelling decision with consequences worth naming. Training on a 1:1
subset makes learning tractable but means the model's calibration no longer reflects the real base rate, so its output
probabilities are not directly usable. In production you would re-calibrate. Stating this is what a careful PoC write-up looks like.
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TOPIC 5 OF 5 · QUANTUM MACHINE LEARNING · SESSION 5

The result, read honestly
98 true negatives, zero false positives, 28 false negatives, 71 true positives. Precision is perfect — everything flagged as
fraud was fraud. Recall is roughly 72 percent, so about a quarter of frauds were missed.

On five features covering 22 percent of the variance, that is a respectable demonstration that the pipeline learns something
real. It is not a claim of advantage, and the missing number — the same five features through a classical classifier — is the
first thing a reviewer will ask for.

Common pitfall. One further observation. Zero false positives out of 98 is suspiciously clean on a test set this small, and the
right response is to say so and check it rather than celebrate it. A confidence interval on 197 cases is wide. Being suspicious
of your own good result is the most valuable habit in the course.

In the notebook. Code Bite 5.9 runs the classical baseline on identical features.
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TOPIC 5 OF 5 · QUANTUM MACHINE LEARNING · SESSION 5

Potential advantage — with the qualifiers intact
The annotations are the honest part of this slide, so read them rather than the headings. Rich representations: validated
theoretically and in small-scale experiments (Havlíček 2019; Cong, Choi and Lukin 2019). NISQ practicality: about
feasibility today, not advantage. Potential speedup: still conditional, shown only for certain problem classes (Lewis, Gilboa
and McClean 2025). Research frontier: advantage is problem-specific and under active study.

Check yourself. Asked directly whether QNNs are useful today, give the layered answer this slide supports: the mechanism is
real and demonstrated at small scale, the training is feasible on current hardware, and the advantage is problem-specific,
conditional and unproven on financial data. Anyone who compresses that into a yes or a no is selling something.
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TOPIC 5 OF 5 · QUANTUM MACHINE LEARNING · SESSION 5

…and the classifier, put next to the classical field
The slides report a fraud-detection result and then qualify it carefully. The notebook runs the controlled version: the same
variational classifier against logistic regression, an SVM and a random forest, on two datasets built for the purpose — one
generated by the quantum feature map itself, one ordinary tabular data with an XOR structure.

Common pitfall. The two output lines are the honest summary of quantum machine learning in 2026. On data the feature map
generated, the quantum classifier wins comfortably. On ordinary tabular data it is beaten by every classical baseline, a
random forest most of all. Both lines are printed, and neither is hidden.

Check yourself. This is what a classical referee looks like when the answer is unflattering. A course that only ever shows the
first line is selling something.
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What the full programme contains
Five sessions of three to four hours each, delivered live. Session 1 — single-qubit states and gates. Session 2 — quantum
interference. Session 3 — multi-qubit systems and entanglement. Session 4 — frameworks, simulators and hardware.
Session 5 — key quantum algorithms for finance.

256 slides across the five decks, every one carrying presenter notes: 32,600 words written so that a second trainer can
deliver the material without reverse-engineering the intent of each slide.

Five extended handouts, 201 pages in total, of which fifteen slide pages are sampled here. Five companion notebooks, 142
runnable code cells with exercises and worked solutions, of which five pages are sampled here.

What a sample cannot show
One topic per session is roughly a tenth of the programme, and the parts left out are the ones clients tend to quote back
afterwards: what a circuit costs on real hardware and how deep it can be before noise wins; how to read a vendor
specification sheet without being led by it; where quantum optimisation stands against the classical heuristics it actually
competes with; how LLM-generated quantum code fails, silently and reliably; and what post-quantum cryptography
requires of a bank, independent of when useful quantum computers arrive.

Those sections are what make a course decision-grade rather than merely interesting, and they are hard to judge from an
excerpt. They are best walked through live.

About
qubit-lab.ch builds quantum prototypes and training for financial institutions, with an emphasis on verifiable results and
classical baselines. Evidence, not promises.

contact@qubit-lab.ch · qubit-lab.ch


