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Enhanced Quantitative Phase Imaging via
Quantum Enhancement without Interference

FAYETTEVILLE, GA, USA, August 2, 2023
/EINPresswire.com/ -- Quantum S __
resources and technologies promise to spPDC \ | \ cco
dramatically boost computation, s ETL |
communication and sensing tasks, (i) ‘ | @
contributing to reshaping our

society. In this context, scientists L1 12

showed that quantum entanglement in
optical beams can enhance imaging of
completely transparent objects only
measuring their ‘phase-induced’ effect
on the free-propagating light after the
interaction. The quantum advantage
may be of the utmost importance
when dealing with thin and delicate
biological samples or photosensitive materials, by reducing the necessary light power.
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Quantum correlation are produced in a non-linear
crystal by the phenomenon of Spontaneous
Parametric Down Conversion (SPDC) in which some
of the photons from a laser beam (PUMP) are
converted pairs of perfectly correlated photons
emitted along distinct bu

Optical phase retrieval and imaging appear in a wide variety of science fields, such as imaging of
quasi-transparent biological samples or nanostructures metrological characterization, e.g. in the
semiconductor industry. At a fundamental level, the limit to the imaging accuracy in classical
systems comes from the intrinsic fluctuation of the illuminating light, since the photons that
form it are emitted randomly by conventional sources and behave independently from one
another. Quantum correlation in light beams, in which photons shows certain cooperation can
surpass those limits. Although quantum advantage obtained in phase estimation through first-
order interference is well understood, interferometric schemes are not suitable for multi-
parameter wide-field imaging, requiring raster scanning for extended samples.

In a new paper published in Light Science & Application, a team of scientists from the Quantum
Optics Group of the Italian National Metrology Institute (INRiM), Italy, and from the Imaging
Physics Dept. Optics Research Group, Faculty of Applied Sciences of Delft University of
Technology, The Netherlands, developed a technology exploiting quantum correlations to
enhance imaging of phase profiles in a non-interferometric way. The scheme proposed can be
directly applied to wide-field transmission microscopy settings, to obtain a full-field phase
retrieval in real time, and it is intrinsically more stable than an interferometric setup. The
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sensitivity enhancement has the potential to retrieve more information from samples than
classically allowed at a fixed photon exposure or, equivalently, at a fixed measurement time.

The two main ingredients used by the scientists are the so called “transport of intensity
equation” (TIE) phase-retrieval, a well-explored algorithm in the classical domain to retrieve
phase information from intensity direct measurements, and pair of entangled light beams. The
quantum correlations among the two beams are so strong that they are identical at the single
photon level. The researchers used this correlation to reduce the intrinsic noise fluctuations of
the probing light, obtaining a sharper image and more accurate phase estimation.

“Quantum resources such as entanglement and squeezing have been proven useful to enhance
a variety of sensing applications, such as imaging, interferometric phase estimation, target
detection and ranging among others. Our proposal brings another contribution to this wide
panorama by showing that the very well-studied TIE phase-retrieval classical scheme can be
significantly boosted by using quantum correlations nowadays routinely available in laboratories,
showing potential for relatively short-term applications.” the scientists remarked.

H#it#

References

Funding information

This work has received funding by the project 20FUNO2 POLight funded from the EMPIR
programme co-financed by the Participating States and from the European Union’s Horizon 2020
research and innovation Programme, from the European Union’s Horizon 2020 research and
innovation Action under Grant Agreement Qu-Test (HORIZON-CL4-2022-QUANTUM-05-SGA) and
from the Project Trapezio QuaFuPhy of San Paolo bank foundation.

DOI
10.1038/s41377-023-01215-1

About Light: Science & Applications
The Light: Science & Applications will primarily publish new research results in cutting-edge and

emerging topics in optics and photonics, as well as covering traditional topics in optical
engineering. The journal will publish original articles and reviews that are of high quality, high
interest and far-reaching consequence.

Wendy Chen
TranSpread

+1 865-405-5638
email us here

This press release can be viewed online at: https://www.einpresswire.com/article/647578583

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


https://www.nature.com/lsa/
http://www.einpresswire.com/contact_author/4225263
https://www.einpresswire.com/article/647578583

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
in today's world. Please see our Editorial Guidelines for more information.
© 1995-2023 Newsmatics Inc. All Right Reserved.


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

