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Sizing up special light to downsize particle
accelerators

July 6 2022
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A pulse of terahertz light is focused (green) on a miniaturized particle
accelerator to give energy to particles (blue spheres). New technology measures
how the shape of the terahertz pulse (inset images) changes as it is focused on its
target. Credit: Oak Ridge National Laboratory

Researchers have developed a new technique to better measure special
"terahertz" light. This light travels in waves longer than the infrared light
that is beyond what the human eye perceives. The new sampling
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technique preserves the correlations between position and time in a pulse
of terahertz light. The technique allows researchers to measure the shape
of terahertz "light bullets," focused flashes of light that are as wide as
they are long. This helps researchers learn how they can use terahertz
pulses to improve particle accelerators. Particle accelerators help
scientists examine new materials, proteins, and even the building blocks
of our universe, and improved accelerators would help advance industry,
medicine, and scientific research.

Modern particle accelerator facilities can be huge. Terahertz technology
may offer a path to miniaturize them. For example, the proton
accelerator at the Spallation Neutron Source, a Department of Energy
user facility, is three football fields long. Using terahertz light, particles
could reach the same energy in less than the length of an end zone. Such
miniaturization could help facilities reach higher energies for new
scientific discoveries. This will require scientists to learn more about the
characteristics and behavior of terahertz light. This new measurement
technique will help to make these smaller future accelerators possible.

Scientists at Oak Ridge National Laboratory, home of the Spallation
Neutron Source user facility, are investigating how to produce and use
terahertz light to enable particle accelerators using terahertz technology.
Making terahertz light bullets with intense lasers is a promising method
because the terahertz energy is strongly concentrated, creating very high
accelerating fields. By developing a new measurement technique,
researchers have discovered that when focused onto its target, this
terahertz light will change its shape, possibly affecting particle
accelerator performance.

The terahertz light bullets change shape because they are made up of
many terahertz frequencies, similar to how white light is made of
different visible frequencies or colors. Just like the colors of white light
can separate to make a rainbow, the colors of this terahertz light can
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separate from each other when focused on a target. If not accounted for,
this separation leads to imperfections in the shape of the light and makes
it less concentrated which could result in weaker particle acceleration.
However, using this new electro-optic sampling method in combination
with modeling tools, these imperfections can be measured and used in
the design of new optics to correct the terahertz shape. With a clever
optic design, it may even be possible to improve the terahertz shape and
enhance particle acceleration.

The research was published in Physical Review A.
More information: G. A. Hine et al, Intrinsic spatial chirp of subcycle

terahertz pulsed beams, Physical Review A (2021). DOL
10.1103/physreva.104.032229
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