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Quantum measurements more precise than ever before
New study aims to advance quantum computing

Jena (Germany)

An international team of researchers, including scientists from Jena, has
succeeded in developing a new and particularly precise type of measurement in
tiny quantum systems. Applications are conceivable in semiconductor
manufacturing, for example, but also in mobile radio technology or microscopy
in the future. Experimental tests to prove the study were carried out on
Germany's first quantum computer, the Fraunhofer "QSystemOne", among
others. The researchers have now published their results in the journal "Nature
Physics".

Measurements are not all the same. While everyday objects, e. g., the components of a
car, can be measured quite easily in terms of size, weight, and composition. The situation
is quite different when tiny quantum objects, such as light particles, are to be examined
in terms of their properties.

An international research team has now succeeded in developing a new measurement
method that enables highly precise measurements even in these tiny systems. To this
end, the researchers are taking advantage of a fascinating property of quantum objects:
their entanglement.

Measurements of entangled quantum objects more precise than measurements
on single particles

Entanglement means that pairs of entangled particles (e. g., photons, i. e., light particles)
are created. Each particle always knows the exact state of its "twin" - even if the twin is
far away. If the two entangled particles are measured, their properties can be determined
more precisely than if each object had been measured on its own, according to the
researchers.

"Measurement tasks, for example in interferometry, can be made much more precise
with entangled states," explains Dr. Falk Eilenberger. He is a quantum researcher at
Fraunhofer IOF and co-author of a study that has now been published in the journal
Nature Physics. He continues: "When measuring any property of a quantum system, a
certain amount of noise is unavoidable. By entangling the two systems, we can reduce
this noise and thus achieve a more accurate measurement.”
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The group of researchers tested their theory on 19 different quantum computers,
including Germany's first guantum computer, the Fraunhofer-IBM QSystemOne. "The
computer in Ehning was essential for our work," explains Eilenberger. "We were able to
calibrate the machine particularly accurately, which is absolutely necessary for precision
measurement.”

With the help of the experiment on the quantum computer and a single photon source,
the researchers were able to reach the fundamentally feasible physical limits of noise and
demonstrate the quantum advantage of an entangled measurement. The new method
thus enables measurements of unprecedented precision in practice. "To date, there have
only been theoretical predictions of limits to noise in measurements with entangled
systems," discusses Tobias Vog|, also a researcher at Fraunhofer IOF and co-author of
the study. "We now show a concrete way to reach this limit, demonstrating that it is
achievable with single photon sources and quantum computers. "

The researchers hope that one day they will even be able to entangle three or more
guantum systems with each other. In this way, an even higher precision of the
measurement would be possible in the future.

Applications in interferometry

Special application potentials for the latest research results arise in interferometry. This is
a measurement method that uses the phenomenon of interference (i. e., superposition)
of (light) waves. So-called "interferometers” have numerous applications in industry,
especially in the precision manufacturing of semiconductors and optical components. In
the long term, however, according to the researchers, it is also conceivable that the new
technology will be used in noise suppression for radio signals (6G) or in the examination
of biological samples in the context of microscopy.

In particular, the researchers' work clearly illuminates the connection between
interferometry and quantum computers. It shows that concepts from both worlds can
be transferred to the other for their respective benefit. "In this way, we establish
guantum computers as machines for precision testing fundamental physical limits and
regularities," says Eilenberger.

Original publication: Lorcan O. Conlon, Tobias Vogl, Christian D. Marciniak, Ivan
Pogorelov, Simon K. Yung, Falk Eilenberger, Dominic W. Berry, Fabiana S. Santana,
Rainer Blatt, Thomas Monz, Ping Koy Lam, Syed M. Assad: »Approaching optimal
entangling collective measurements on quantum computing platforms«, Nature
Physics, January 12 2023, DOI: 10.1038/s41567-022-01875-7,

URL: https://www.nature.com/articles/s41567-022-01875-7.
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The Fraunhofer Institute for Applied Optics and Precision Engineering IOF in Jena
(Germany) conducts application-oriented research in the field of photonics and develops
innovative optical systems for controlling light - from its generation and manipulation to
its application. The institute's range of services covers the entire photonic process chain
from opto-mechanical and opto-electronic system design to the production of customer-
specific solutions and prototypes. At Fraunhofer IOF, around 330 employees work on the
annual research volume of 40 million euros.

For more information about the Fraunhofer IOF, please visit: www.iof.fraunhofer.de/
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Press Images

The following image material is available for download in the Fraunhofer IOF press area
at https://www.iof.fraunhofer.de/en/pressrelease.html.

Fig. 1: Integrated single photon source used in the experiment to perform precision measurements.
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The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on developing
key technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunhofer plays
a central role in the innovation process. As a pioneer and catalyst for groundbreaking developments and scientific excellence, Fraunhofer helps
shape society now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 76 institutes and research institutions
throughout Germany. The majority of the organization’s 30,000 employees are qualified scientists and engineers, who work with an annual
research budget of 2.9 billion euros. Of this sum, 2.5 billion euros is generated through contract research.
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