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Capturing non-transparent ultrafast scenes

May 26 2023, by Julie Robert
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Schematics of the single-shot ultrafast THz photography system. Credit: Roberto
Morandotti (INRS)

A research team at the Institut national de la recherche scientifique
(INRS) led by Professor Roberto Morandotti reported the first
realization of a single-shot ultrafast terahertz (THz) photography system.
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This important achievement published in Nature Communications will be
able to provide both the spatial and temporal evolution of ultrashort
dynamics with sub-picosecond resolution.

In other words, researchers will be now able to uncover the hidden laws
of nature that govern the dynamics, which require imaging speeds orders
of magnitudes beyond the limits of electronic sensors.

Unlike the rapid development of ultrafast imaging at conventional
optical wavelengths, single-shot ultrafast imaging with THz radiation
remains unexplored. This is mainly due to the severe lack of key devices
in the THz frequency regime, such as high-speed modulators and
cameras, which are typically indispensable for ultrafast imaging.

"This work is a major achievement from our team and collaborators in
the field of optics. By taking advantage of the unique penetration ability
of THz radiation, our system was able to capture ultrashort events in
optically opaque scenarios, which are typically not accessible via
conventional optical frequencies," says Professor Roberto Morandotti,
Scientific Leader of the Ultrahigh Speed Light Manipulation Laboratory
and corresponding author of the study.

"We have successfully unlocked single-shot ultrafast imaging in the THz
regime. Thanks to our work, we can now capture a movie of irreversible
ultrafast phenomena with an inter-frame time interval of less than 1
picosecond," states Junliang Dong, research associate in Morandotti's
laboratory at INRS and first author of the study.

Ultrafast imaging using terahertz radiation

Single-shot ultrafast photography has emerged as a key technique to
elucidate the complex dynamics underlying various ultrafast phenomena
in nature. Propelled by recent advances in the fields of ultrafast lasers,
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high-speed cameras, and computational imaging, single-shot ultrafast
optical imaging has been able to capture two-dimensional (2D) transient
scenes at more than one trillion frames per second, fast enough to
visualize optical pulses traveling through space at the speed of light.

However, state-of-the-art single-shot ultrafast imaging techniques
require the imaging targets to be optically transparent. This restriction
prevents such techniques from exploring many critical ultrafast
phenomena that occur in media with a short optical penetration depth,
such as the dynamics of laser ablation in ceramics, magnetization in iron
films, and carrier excitations in semiconductors.

Recently, imaging using THz radiation has garnered significant interest
due to its ability to 'see through' various materials. However, single-shot
ultrafast THz imaging is still in the embryonic stage due to the absence
of high-speed THz cameras.

In this study, Morandotti's team from the INRS Energie Matériaux
Télécommunications Research Centre exploited the electro-optic
sampling technique for THz detection with a carefully designed optical
probe beam, which is simultaneously multiplexed in the time and spatial-
frequency domains.

"Since it only relies on commonly available optical components, such as
beam splitters, optical delay lines, gratings, and CCD cameras, our
technique essentially bypasses the need for any THz high-speed devices.
Even so, it is powerful enough to record the ultrafast scenes carried by
THz waves in a single shot," explains Professor Morandotti.

Occurring in a two-dimensional space and femtosecond-to-picosecond
timescales, real-time imaging of these transient events reflects various
fundamental mechanisms that remain complex and mostly inaccessible,
such as chemical reactions and light-matter interactions.
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Conventionally, pump-probe methods are used to record ultrafast
dynamics through repeated measurements. Nevertheless, many ultrafast
phenomena have significant shot-to-shot variations and low occurrence
rates, thus making them "non-repeatable."

According to the researchers, their system is envisioned to be an
unprecedented tool for the investigation of non-repeatable or destructive
dynamics in advanced materials and structures, such as 2D materials, and
even biological matter, like skin and corneas, which are typically
optically opaque.

More information: Junliang Dong et al, Single-shot ultrafast terahertz
photography, Nature Communications (2023). DOL:
10.1038/s41467-023-37285-3
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