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Figure 1 (Color online) Illustration of a one-dimensional square
potential barrier. Classically, the particle is reflected (left); quantum
mechanically, it tunnels through (right). Source: https://www.nobelprize.
org/uploads/2025/10/press-physicsprize2025-figure2.jpg
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Figure 2 The localized wave packet of a particle in a bound state can
extend beyond the potential barrier'
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Figure 4 Schematic diagram of the biased Josephson junction setup
and the corresponding experimental circuit diagram!*!
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Macroscopic quantum tunneling and energy quantization:
insights from the 2025 Nobel Prize in Physics

Xin Li & Zhang-Qi Yin®

School of Physics, Beijing Institute of Technology, Beijing 100081, China
* Corresponding author, E-mail: zqyin@bit.edu.cn

The 2025 Nobel Prize in Physics was awarded to John Clarke (University of California, Berkeley, USA), Michel H.
Devoret (Yale University, USA), and John M. Martinis (University of California, Santa Barbara, USA) for their pioneering
experimental confirmation of macroscopic quantum tunneling (MQT) and macroscopic energy quantization in
superconducting circuits.

Since the foundation of quantum mechanics, one of the central questions has been the nature of the boundary between the
microscopic quantum world and our classical macroscopic reality. The work of Clarke, Devoret, and Martinis is a definitive
triumph in this decades-long pursuit. By demonstrating that quantum laws, previously confined to single particles, govern
the collective dynamics of billions of electrons, their achievement fundamentally bridged the quantum-classical divide and
ushered in a new era of physics where the direct engineering and control of macroscopic quantum systems became possible.

This paper introduces and explains this monumental achievement. We begin by establishing the theoretical concepts of
quantum tunneling and energy quantization in microscopic models. We then introduce the macroscopic quantum state,
demonstrating how collective particle behavior allows these fundamental quantum phenomena to be introduced into a
macroscopic system, using the Josephson phase as the key single quantum variable. Following the Nobel laureate in
Physics, Anthony Leggett’s theoretical idea on the problem, we discussed his experimental proposal on realizing
macroscopic quantum superposition in superconducting circuits. We reviewed the Nobel Prize-winning experiments
utilizing the biased Josephson junction, which conclusively validated MQT and energy quantization at the circuit level. The
experiments were performed on a centimeter-square superconducting circuit.

Finally, the paper reviews the explosive technological legacy of this research. The macroscopic quantum effects in
superconducting circuits lead to the most sensitive magnetic field sensor, the superconducting quantum interference device
(SQUID), which achieves this sensitivity 10" T//Hz. The established quantum control directly fueled the development of
the qubit. We track the subsequent, rapid acceleration in quantum computing. The coherence time of the superconducting
qubits has been increased to ms from 10 ns, over the past 20 years. The first quantum supremacy experiment was
performed with the superconducting quantum computer in 2019. We highlight the recent key global hardware
advancements, e.g. the Google’s Willow Chip and China’s Zuchongzhi No. 3 with 104 qubits. Then, we conclude by
discussing the enduring impact of the macroscopic quantum paradigm on realizing exotic quantum states, such as
Schrodinger’s Cat and other theoretical “Schrodinger’s Bacteria” models, which were also based on superconducting
circuits.

macroscopic quantum effects, quantum tunneling, Josephson junction, energy quantization, Nobel Prize
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