Macroscopic
Quantum Tunneling
& The Future of

Computation

Insights from 2025 Nobel Laureate John Martinis

The 2025 Nobel Prize in Physics: Awarded to John Martinis,
Michel Devoret, and John Clarke.

The Discovery: Macroscopic Quantum Tunneling and
energy quantization in an electric circuit.

The Premise: For decades, quantum mechanics was believed
to rule only the microscopic world of atoms. This work proved
that man-made electrical circuits—visible to the naked
eye—can also obey the strange laws of the quantum realm.
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The Paradigm Shift: From Micro to Macro

Microscopic Order

Macroscopic Structure

Magic Physics: Historically, it was believed
that quantum behavior (superposition,
tunneling) vanished as objects got larger.

The Crystal Analogy: Just as atoms in a
quartz crystal bind together in a repeating
arrangement to create a massive, visible
structure with defined planes, guantum
mechanics can repeat itself in a circuit to
manifest at a macroscopic level.

The Artificial Atom: Martinis' team
engineered a chip the size of a dime that
behaves like a single atom, governed by
currents and voltages rather than just
electron orbits.

&1 NotebookLM



The Mechanism: How to Walk Through Walls

Classical World

Borrowing energy (AE)
AE X At e h <—— for a tiny amount of

time (At).

The Concept:

A particle can ‘borrow’ energy to overcome a
barrier it shouldn’t be able to cross, provided it
pays it back instantly.

Particle blocked by energy barrier

Quantum World

Exponential

Decay
Tunneling

The Nobel Application:

Martinis observed this not with particles, but with
with the transition of a superconducting wire from
a zero-voltage state to a voltage state.

Wavefunction passes through barrier
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The ‘MTA Effect’: Tunneling is Not Instantaneous

Particle | @ 2 | Particle

Enters Barrier l l Exits Barrier

Tunneling Traversal Time
i D —

Pop Culture Myth: Instant Teleportation

Deep Cut: Martinis'
research reveals a delay.
In complex circuits, the
speed of light matters. If
a component is far
away, the system ‘sees’
it differently.

The Reality: Engineering Implication: As we engineer larger
Tunneling is not instantaneous teleportation. guantum systems, we cannot treat them as point-
It takes a finite amount of time. particles. We must account for the time it takes for

guantum information to traverse the physical chip.




Hardware: The Josephson Junction

Superconductor
(Aluminum)

Insulating Barrier
(Aluminum Oxide)

Superconductor
(Aluminum)

Cooper Pairs:
Tunneling through
the barrier

Cooper Pairs:

Inside a superconductor,
electrons pair up. Instead of
chaotic random velocities, they
move in unison with resistance.

The Junction:

The insulating barrier is thin
enough that these Cooper Pairs
can tunnel through it.

The Result:

This junction acts as a
non-linear inductor, creating
the uneven energy levels
required to isolate two states
(0 and 1) and create a qubit.



The Qubit: A Definite State of ‘Both’

Classical Bit: 0 OR 1. Qubit: Superposition.

il'D )

Qubit: Superposition
[¥) = a]0) + B|1)

e “0" illuminated

H-Iﬂ

A single, definite state. Either “off" or “on”". A definite, singular quantum state that

simultaneously embodies both possibilities.

&, Atom Analogy: An atom has physical size ~." Qubit Reality: A qubit isn't just statistically ¢ © The Power: This allows the computer to
>/ because its electron forms a cloud around —Z- likely to be 0 or 1; it exists in a definite, e 3 _“ perform calculations on the 0 state and
the nucleus—it is "everywhere” in that singular quantum state that encompasses the 1 state simultaneously.
cloud at once. both possibilities until measured.
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The Power of Exponentials

More than atoms

inthe universe Hundreds of Qubits= —
1050 More states than atoms

@ in the universe
S ( :
il 1025 By the time you get to
) 0 : hundreds, that's a

. s I "
8 93,Quorts = 10 States number bigger than
8 10 (Quadrillions) :
Z 10 \ there are atoms in the
= 105 universe.’
o 1Qubit = 2 States =

0| — John Martinis
2
' 10 53 100 Hundreds
Number of Qubits

/) Itis not just a faster computer. It is a different kind of computing.
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The Enemy: Noise and Heat

The Challenge: Quantum states 2+ The Solution: Chips operate in . The Analogy: Like the deep craters
@ are fragile. Heat or electromagnetic “Cold Traps” near absolute "7 at the Moon's poles where the sun
noise causes “decoherence,” zero (-273°C). never shines, allowing ice to

destroying information. remain for billions of years.

Maintaining the quantum state requires extreme isolation.
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From Supremacy to Advantage
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2019 Mathematical Proof. 2025  Reduced errors, Future Commercial Utility. Solving
Google Sycamore chip solves higher qubit counts. real-world problems (Chemistry,
a 10,000-year problem in Materials) impossible
200 seconds. for classical computers.

We are moving from proving it works (Supremacy) to proving it is useful (Advantage).
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The Killer App: Breaking Encryption?

**The Threat: Shor’s Algorithm suggests
sufficiently large quantum computers could
factor the prime numbers securing RSA encryption.

**The Reality Check: This is not an overnight
apocalypse. We are not yet at the required qubit
count.

**The Fix: "Quantum-Safe Crypto.” We are
currently in a global migration phase to new
NIST-standard algorithms resistant to quantum
attacks.

“| sleep well at night... but we have to migrate.”
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The Symbiosis: Quantum + Al

Al & Quantum
Machine Computer
Learning. (Co-Processor)

% Processes massive \
__ \ datasets to train
_— N larger models.

Key Concept: The Co-Processor Model

Quantum computers will likely act like GPUs do today—handling specific, intractable
problems within larger Al workloads, such as molecular simulation for drug discovery.
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The 'Terminal' Future

* No Quantum iPhone: Due to cooling
requirements, you will not have a
quantum processor in your pocket.

* The Cloud Model: Just as we access
LLMs remotely, we will access quantum
power via the cloud. The quantum
computer lives in a specialized, super-
cooled data center.

* Back to the Future: We are returning to
the ‘Mainframe & Terminal’ architecture
of the 1960s, but on a planetary scale.

The Cloud: Your Gateway to Quantum Power.
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The Philosophical Edge: Simulation Theory

The Question:

If the universe is a simulation, what hardware is
running it?

The Laureate’s Conclusion:

Classical computers cannot efficiently simulate
quantum mechanics. If our reality—which is
fundamentally quantum—is a simulation, the
computer running it must be quantum.

a

uote:

‘ 'It's quantum all the way down.’
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Summary: The Quantum Bridge

AN

Discovery Hardware Scale Future
Macroscopic . Superconducting Exponential States: Hybrid Compute:
Tunneling: Physics  Circuits: Artificial Computing beyond Quantum co-
Isn't just for atoms. . atoms at zero the number of atoms processors solving

. resistance. In the universe. intractable problems.

Quantum Computing & Future Frontiers £
& NotebooklM



The Value of Ignorance

“| celebrate my ignorance; | just don’t remain in it.”
— Neil deGrasse Tyson (Endorsed by John Martinis)

The quantum era is not about knowing everything; it is about asking the right questions. The transition from theory to reality is just beginning.
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