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Hugo Geiger Prize for Dr. Chiara Lindner

Quantum sensor technology opens up new possibilities
for infrared spectroscopy

A combination of Fourier transform analysis and quantum effect allows the spectral
properties of different substances to be detected quickly and precisely. In her dissertation
conducted with the Fraunhofer Institute for Physical Measurement Techniques IPM, Dr.
Chiara Lindner developed a quantum Fourier transform spectrometer that can do just that
— with just one millionth of the light intensity of standard spectrometers. For her work, she
was awarded the Hugo Geiger Prize that honors outstanding doctoral theses in the field of
applied research.

Fourier transform infrared spectrometers are used in environmental analysis, pharmaceuticals,
material testing and emissions tests. FTIR spectrometers detect a variety of molecules based on
their characteristic transmission spectrum. This makes it possible to analyze the exact composi-
tion of gases or plastics, for example. Until now, one of the limiting factors of these devices was
their slow and expensive infrared detectors.

Silicon instead of infrared detectors: faster, cheaper and with less noise

In her dissertation Dr. Chiara Lindner combined the established process with the new field of
quantum sensor technology. This allowed her to use entangled pairs of infrared and visible
photons to replace the technologically complex infrared detectors, which were of limited quality,
with significantly faster, cheaper and low-noise silicon detectors. While the infrared photon
interacts directly with the sample, only the visible partner photon is detected. This is where the
guantum element comes in: With photons that are so closely correlated, there can only ever be
interference for both infrared and visible photons, or for neither of them. If the infrared photon
is therefore absorbed by the sample, the interference disappears for the visible photon too. This
literally moves the information from the invisible infrared spectrum to the (visible) light.

The combination of Fourier transform analysis and quantum effect allows the spectral properties
of different substances to be detected quickly and precisely — with just one millionth of the light
intensity of standard spectrometers. This makes the process particularly well suited to biological
samples. “In my doctoral thesis, the quantum Fourier transform spectrometer has managed to
achieve the gold standard of classic Fourier transform spectrometers in a number of specifica-
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Other prize winners

Dr. Agnes BuBman in cooperation with the Fraunhofer Institute for Electronic Microsys-
tems and Solid State Technologies EMFT (first prize) and Dr. Robert Klas in cooperation
with Fraunhofer Institute for Applied Optics and Precision Engineering IOF (third prize).

The Hugo Geiger Prize

On March 26, 1949, the inaugural meeting of the Fraunhofer-Gesellschaft took place under
the patronage of State Secretary Hugo Geiger from the Bavarian Ministry of Economic
Affairs, as it was then. On the occasion of the 50th anniversary of the Fraunhofer-Gesell-
schaft, the Bavarian Ministry of Economic Affairs and Media, Energy and Technology
launched the Hugo Geiger Prize for the next generation of scientists. Awarded each year to
three young researchers, the prize honors outstanding doctoral theses in the field of applied
research that have been completed in close collaboration with a Fraunhofer-Gesellschaft
institute. The individual prizes amount to 5,000, 3,000 and 2,000 euros. The submissions
are assessed by an expert panel of judges made up of representatives from the worlds of
research, development and industry. The as-sessment criteria are scientific quality, relevance
to industry, originality and use of in-terdisciplinary methods.
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hofer IPM (middle) received
the Hugo Geiger Prize for her
dissertation in the field of
quantum sensor technology.
Included in the picture are the
other prize winners Dr. Agnes
BuBmann from Fraunhofer
EMFT and Dr. Robert Klas from
Fraunhofer IOF. The prizes

Hugo gt were awarded on March 21,
2022 i o 2023 in Munich. (Picture:

© Fraunhofer/Markus Jiirgens)
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The moment when quantum
entanglement becomes con-
crete: A green light illumina-
ting a nonlinear optical crystal
turns into entangled photons.
These are visible as a faint red
circle. (Picture: © Kai-Uwe
Wudtke/Fraunhofer IPM)

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 are generated through contract research.
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