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Jarzynski equality in the context of
superconducting optical cavities

FAYETTEVILLE, GA, UNITED STATES,
March 13, 2026 /EINPresswire.com/ - iAo
This article investigates the classical

limit of the Jarzynski equality in
quantum systems, specifically using a
nonlinear Jaynes-Cummings model
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Quantum Resource Identification: The Kerr nonlinearity term creates quantum behavior that can
be identified as a quantum resource for quantum computing advantages in non-zero
temperature environments.

Work Operator Definition: The authors use a work operator in the interaction picture and apply
Dyson expansion to evaluate the averaged exponentiated work.

Temperature-Nonlinearity Interplay: An intricate relationship between Kerr nonlinearity and
temperature governs the quantum-to-classical transition and determines the validity domain of
the Jarzynski equality.

Nonclassical Behavior: External work increases the state's nonclassicality, with deviations from
Jarzynski equality serving as evidence of quantum behavior.

A new study published in KeAi's Quantum Review Letters examines the classical limit of a
quantum formulation of the Jarzynski equality using a nonlinear Jaynes-Cummings Hamiltonian
that models a field in a superconducting optical cavity with a Kerr medium.

|.P. Vieira, the lead and co-corresponding author, said the work aims to clarify “where the
quantum version of the Jarzynski equality reproduces classical behaviour, and where genuinely
quantum effects begin to dominate.”
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To evaluate the averaged exponentiated work, the authors applied a Dyson expansion and
defined the work operator in the interaction picture. This yielded an analytical expression that
can be used to probe the Jarzynski equality in the quantum regime. “By making the work
operator explicit in the interaction picture, the analysis becomes tractable in a way that also
remains closely tied to the underlying physics of the model,” explains Vieira.

Computational results identified two distinct operating regimes: a classical regime at high
temperatures and low Kerr intensities, and a quantum regime at low temperatures and high Kerr
intensities. Because the system remains in equilibrium with a thermal bath, the researchers
attribute the emergence of the quantum regime specifically to the Kerr nonlinearity. “The
transition does not come from driving the system out of equilibrium; it comes from the Kerr
term itself, which reshapes the energy landscape and makes quantum signatures persist even at
non-zero temperature,” shares Vieira.

The findings suggest that Kerr-induced nonlinearity can function as a quantum resource in
thermal settings, offering a route to quantum advantages under realistic, finite-temperature
conditions. “If the Kerr contribution can be controlled, it becomes more than a modelling detail
— it becomes a handle for engineering useful quantum behaviour in environments where
temperature cannot be ignored,” adds Vieira.

References
DOI
10.1016/j.0rl.2025.06.001

Original Source URL
https://doi.org/10.1016/j.qrl.2025.06.001

Funding Information

This work was supported by the Fundacdo de Amparo a Pesquisa do Estado de Minas Gerais
(FAPEMIG), Brazil [grant number APQ-01366-16]; the Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES), Brazil [finance code 001]; and the National Council for
Scientific and Technological Development (CNPq), Brazil .

Lucy Wang
BioDesign Research
email us here

This press release can be viewed online at: https://www.einpresswire.com/article/899138719

EIN Presswire's priority is source transparency. We do not allow opaque clients, and our editors
try to be careful about weeding out false and misleading content. As a user, if you see something
we have missed, please do bring it to our attention. Your help is welcome. EIN Presswire,
Everyone's Internet News Presswire™, tries to define some of the boundaries that are reasonable


https://doi.org/10.1016/j.qrl.2025.06.001
https://doi.org/10.1016/j.qrl.2025.06.001
http://www.einpresswire.com/contact_author/5624874
https://www.einpresswire.com/article/899138719

in today's world. Please see our Editorial Guidelines for more information.
© 1995-2026 Newsmatics Inc. All Right Reserved.


https://www.einpresswire.com/editorial-guidelines

