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Introduction

The 2025 Nobel Prize in Physics was awarded to John Clarke,
Michel H. Devoret, and John M. Martinis for their discoveries of
macroscopic quantum tunneling and the quantization of energy in
electrical circuits. This recognition not only celebrates a series of
experimental achievements of extraordinary significance, but also
marks a turning point in the history of contemporary physics: the
confirmation that quantum phenomena, traditionally associated
with the subatomic domain, can manifest, be controlled, and be
exploited in electrical systems of mesoscopic and macroscopic scale.

In this sense, the 2025 Nobel Prize symbolizes the transition of
quantum mechanics from a fundamental theory of high conceptual
abstraction to an applied science with concrete technological
consequences. The award highlights a field of knowledge that,
despite its conceptual complexity, now occupies a central position
in the development of some of the most promising technologies of
the twenty-first century: the so-called quantum technologies.

The Laureates and the Context of the Discovery

John Clarke, a British physicist based in the United States,
has been a pioneer in the development of extremely sensitive
superconducting detectors, particularly SQUIDs (Superconducting
Quantum Interference Devices). These instruments enable the
measurement of exceedingly weak magnetic fields and have become
essential tools for both fundamental research and biomedical,
geophysical, and technological applications.

Michel H. Devoret, professor at Yale University, is one of the leading
figures in what is known as quantum engineering, a discipline
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devoted to the design, control, and manipulation of quantum
states in artificial devices. His contributions have been decisive in
establishing the experimental and conceptual framework that allows
superconducting circuits to be described as coherent quantum
systems, analogous to artificial atoms.

John M. Martinis, professor at the University of California, Santa
Barbara, has made fundamental contributions to the development
of quantum processors based on superconducting qubits. His
collaboration with Google led to the construction of one of the
first quantum processors capable of performing specific tasks faster
than classical supercomputers, an achievement commonly referred
to as “quantum supremacy.”

The complementary work of these researchers made it possible
to demonstrate experimentally two ideas that for decades had
remained largely theoretical:

1. That quantum tunneling—by which a particle crosses an
energy barrier forbidden by classical physics—can be observed
in macroscopic electrical circuits.

2. That energy in a superconducting circuit is quantized, in
a manner analogous to the discrete energy levels found
in atoms. These demonstrations not only confirmed
fundamental principles of quantum mechanics but also
revealed their applicability in real engineering systems, paving
the way for the development of quantum computing and other
emerging technologies.

The Scientific Significance of Macroscopic Quantum
Tunneling

From the perspective of classical physics, a particle must possess
a minimum amount of energy to overcome a potential barrier;
otherwise, it is simply reflected. In contrast, quantum mechanics
describes particles as entities with wave-like properties, implying a
finite probability of penetrating such a barrier through the so-called
tunneling effect. This phenomenon is essential for explaining
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processes such as radioactive decay, certain nuclear reactions in
stellar interiors, and the operation of numerous electronic devices.

What is truly revolutionary about the work recognized by the 2025
Nobel Prize is the demonstration that quantum tunneling is not
exclusive to the microscopic world. Clarke, Devoret, and Martinis
succeeded in observing this phenomenon in macroscopic electrical
circuits made of superconducting materials. In these systems, the
electric current is not composed of individual electrons, but of
Cooper pairs, whose collective behavior obeys quantum laws.

These pairs can tunnel through a potential barrier formed by two
superconductors separated by a thin insulating layer, a phenomenon
known as the Josephson effect. This principle underlies extremely
sensitive superconducting devices, such as SQUIDs, as well as many
modern quantum circuits.

The results obtained—initially developed from the 1980s onward
and refined in subsequent decades—consolidated the idea that
quantum principles can manifest at scales larger than traditionally
assumed. Consequently, superconducting circuits have become
controllable and reproducible platforms that are essential for
exploring the boundary between the quantum and classical worlds.

Energy Quantization in Electrical Circuits

The second central aspect of the discovery recognized by the
2025 Nobel Prize is the demonstration of energy quantization in
superconducting electrical circuits. In atoms, electrons can occupy
only discrete energy levels; analogously, Devoret and Martinis
showed that a superconducting circuit can behave as an “artificial
atom,” In the Josephson effect the quantization arises from the
quantum nature of the superconducting phase: the conjugation
between phase and number of Cooper pairs leads to discrete energy
levels in electrical circuits and under irradiation to quantized
voltage values. This quantization of energy in superconducting
circuits is observed experimentally by microwave spectroscopy
and quantum readout techniques that reveal discrete transitions
between well-defined energy levels.
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The controlled manipulation of these levels enables the creation
of superconducting qubits, the fundamental building blocks of
quantum computation. Unlike classical bits, which can take only
the values 0 or 1, a qubit can exist in a coherent superposition
of both states simultaneously. This property allows for parallel
computation and grants quantum computers an exponentially
greater potential to solve certain classes of problems.

The experiments carried out by Devoret and Martinis demonstrated
precise control over these energy levels, laying the experimental
foundations of today’s quantum processors. Beyond their
technological relevance, these advances have profound conceptual
implications: the direct observation of energy quantization
in human-scale devices reinforces the universality of quantum
mechanics and confirms that its laws govern both the microscopic
world and macroscopic systems engineered by humans.

Technological and Social Relevance of the Discovery

The impact of the 2025 Nobel Prize in Physics extends far
beyond the domain of fundamental physics. We are witnessing
the emergence of the so-called quantum era, characterized by the
transformation of theoretical principles into concrete technological
tools. The work of Clarke, Devoret, and Martinis has directly
contributed to the development of at least three strategic areas:

1. Quantum computing: Superconducting qubits derived
from their research represent one of the most promising
platforms for building scalable quantum computers. These
machines could address problems intractable for classical
computers, such as the accurate simulation of complex
molecules, the design of new materials, or the optimization
of large-scale logistical systems.

2. Quantum sensors: Superconducting circuits, particularly
SQUIDs, make it possible to detect extremely small variations
in magnetic, electric, or gravitational fields. These
sensors already have applications in medicine, geophysics,
neuroscience, and space exploration.



3. Quantum communications: Precise control of quantum
states opens the possibility of developing ultra-secure
communication systems based on quantum entanglement,
capable of detecting any attempt at information interception.

Challenges and Future Perspectives

Despite the enthusiasm surrounding quantum technologies,
significant challenges remain. The main obstacle is decoherence,
that is, the loss of quantum properties due to unavoidable
interactions with the environment. Superconducting systems must
operate at extremely low temperatures and under highly controlled
isolation conditions in order to preserve quantum coherence.

Another fundamental challenge is scalability, both from a technical
and an economic standpoint. Increasing the number of qubits
without sacrificing stability or precision remains one of the central
difficulties of quantum computing. Moreover, the cryogenic
technologies required involve high energy costs, raising questions
about long-term sustainability.

In addition, ethical, political, and social debates arise regarding the
potential impact of quantum computing, particularly in areas such
as cryptography, information security, and geopolitical balance.

From a more philosophical perspective, the work honored in 2025
leads to a fundamental question: to what extent can quantum
phenomena be extended into the macroscopic world? Each new
experiment confirming quantum behavior in increasingly larger
systems blurs the traditional boundary between the “quantum”
and the “classical,” compelling us to reconsider our understanding
of physical reality.

In conclusion the 2025 Nobel Prize in Physics represents a
milestone in the history of contemporary science. The discoveries
of John Clarke, Michel H. Devoret, and John M. Martinis not
only experimentally validate fundamental principles of quantum
mechanics, but also inaugurate a new stage in which this theory
becomes a central tool for engineering and multiple fields of
knowledge.
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