
 

SLAC invention could make particle
accelerators 10 times smaller
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SLAC scientists have invented a copper accelerator structure that could make
future X-ray lasers and accelerators for radiation therapy more compact. It feeds
terahertz radiation into a tiny cavity to boost particles to tremendous energies.
This image shows one half of the structure with the cavity in the circled area.
Inset: Scanning electron microscope image of a section of the cavity, which is
3.5 millimeters long and 280 microns wide at its narrowest point. Credit: Chris
Pearson/Emilio Nanni/SLAC National Accelerator Laboratory
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Particle accelerators generate high-energy beams of electrons, protons
and ions for a wide range of applications, including particle colliders that
shed light on nature's subatomic components, X-ray lasers that film
atoms and molecules during chemical reactions and medical devices for
treating cancer.

As a rule of thumb, the longer the accelerator, the more powerful it is.
Now, a team led by scientists at the Department of Energy's SLAC
National Accelerator Laboratory has invented a new type of accelerator
structure that delivers a 10 times larger energy gain over a given distance
than conventional ones. This could make accelerators used for a given
application 10 times shorter.

The key idea behind the technology, described in a recent article in 
Applied Physics Letters, is to use terahertz radiation to boost particle
energies.

In today's accelerators, particles draw energy from a radio-frequency
(RF) field fed into specifically shaped accelerator structures, or cavities.
Each cavity can deliver only a limited energy boost over a given
distance, so very long strings of cavities are needed to produce high-
energy beams.

Terahertz and radio waves are both electromagnetic radiation; they
differ in their respective wavelengths. Because terahertz waves are 10
times shorter than radio waves, cavities in a terahertz accelerator can
also be much smaller. In fact, the one invented in this study was only 0.2
inches long.

One major challenge to building these tiny cavity structures is to
machine them very precisely. Over the past few years, SLAC teams
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developed a way to do just that. Instead of using the traditional process
of stacking many layers of copper on top of each other, they built the
minute structure by machining two halves and bonding them together.

The new structure also produces particle pulses a thousand times shorter
than those coming out of conventional copper structures, which could be
used to produce beams that pulse at a higher rate and unleash more
power over a given time period.

Next, the researchers are planning to turn the invention into an electron
gun—a device that could produce incredibly bright beams of electrons
for discovery science, including next-generation X-ray lasers and
electron microscopes that would allow us to see in real time how nature
works on the atomic level. These beams could also be used for cancer
treatment.

Delivering on this potential also requires further development of sources
of terahertz radiation and their integration with advanced accelerators,
such as the one described in this study. Because terahertz radiation has
such a short wavelength, its sources are particularly challenging to
develop, and there is little technology available at present. SLAC
researchers are pursuing both electron beam and laser-based terahertz
generation to provide the high peak powers needed to turn their 
accelerator research into future real-world applications.

  More information: Mohamed A. K. Othman et al, Experimental
demonstration of externally driven millimeter-wave particle accelerator
structure, Applied Physics Letters (2020). DOI: 10.1063/5.0011397

Provided by SLAC National Accelerator Laboratory
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