
 

Research team pushes back the boundaries of
high-energy laser pulses
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ALLS brings together several Canadian institutions and most major laser
research laboratories in the United States, France, Austria, Sweden, Germany,
Italy, Greece, and Japan. It draws on the expertise of 72 first-class researchers
specializing in physics, laser and optics, chemistry, computer science, biology,
medicine, and biochemistry. Credit: Josée Lecompte
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Using the Advanced Laser Light Source (ALLS) facility, the research
team of Professor François Légaré of the Institut national de la
recherche scientifique (INRS) has pushed back the boundaries of high-
energy pulse propagation in a nonlinear medium through the observation
of high-energy multidimensional solitary states. This breakthrough
allows the direct generation of extremely short and intense, laser pulses
that are highly-stable in time and space. The results of this work were
published in Nature Photonics.

Common laser systems restrict operation to a single transverse mode,
which puts an upper limit on laser technology. So far, higher dimensions
have been considered detrimental since they are prone to high instability
and collapse. This makes the scientific impact of this work remarkable.
The observed self-sustained multidimensional wave-packets are driven
by picosecond, near-infrared pump pulses in a gas-filled hollow-core
fiber, which will be of significant interest to many scientists around the
globe.

These multidimensional solitary states also have a huge technological
impact.

INRS researchers were able to generate high-energy and
spatiotemporally engineered coherent light fields. This discovery could
lead to breakthroughs in laser science for a wide range of applications.
The research involves enormous theoretical advances, highly complex
numerical simulations and systematic experimental studies. It was
performed in the ALLS facility at INRS, a world-class research facility
focusing on developing new types of lasers with revolutionary
applications.

"Light at high energy levels behaves differently from what we thought,"
says Reza Safaei, Ph.D. student at INRS, "We were able to design the
system working in an overdriven, chaotic regime where dramatic
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nonlinear enhancement happens by itself. Interactions between
multidimensional states actually cause the light in the laser pulses to self-
organize toward highly-stable multidimensional states. This is a huge
surprise, since these solitary states come out of highly unstable chaos,
like hearing a note coming out of a drum!"

"The immediate technological impact of this work is the generation of
few-cycle pulses from picosecond Yb driver lasers using a simple,
robust, and efficient approach that provides a new laser technology for
strong-field physics," said Guangyu Fan, Ph.D. student at INRS.

"It is especially useful for scaling tabletop extreme-ultraviolet (XUV)
and soft X-ray sources up to higher photon energies due to the longer
central wavelength of the output beam," said Professor François Légaré.
"As we look to the future, lasers and amplifiers that can elegantly work
in multidimensional states may have significantly higher power than
devices based on a single mode, with significant controllable nonlinear
enhancement. This possibility extends beyond ultrafast laser technology
to all of laser science, since dimensionality and spatial/spatiotemporal
nonlinearities represent key limitations for high-power lasers of all
kinds."

The team believes this idea could push forward laser technology, which
has pretty much been locked in one mode for more than 20 years. This
will enable the development of very compact, high-power laser systems
with a wide variety of industrial applications, including micromachining
and material processing. In addition, this innovative laser technology is
now used to develop very compact tabletop, ultrashort X-ray sources
with potential applications for tracking ultrafast phenomena such as 
chemical reactions and magnetization dynamics, as well as for high-
spatial-resolution biomedical imaging in the water window spectral
range. INRS has also protected the intellectual property related to this
potentially revolutionary laser method.
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  More information: Reza Safaei et al, High-energy multidimensional
solitary states in hollow-core fibers, Nature Photonics (2020). DOI:
10.1038/s41566-020-00699-2
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