Metamaterials for Next-Generation Accelerators

Scientific Achievement

We have designed, built and tested a new type of accelerator
structure that promises to make future accelerators more attractive \
by being smaller and cheaper. The accelerator uses a periodic
metallic metamaterial structure in the shape of a stack of “wagon
wheel” discs to control the microwaves generated in the
acceleration process. The critical test of the new concept occurred
at Argonne National Laboratory’s Wakefield Accelerator facility.

Significance and Impact

These results demonstrate the unique features of metamaterial
structures that are very attractive for future high-gradient wakefield
accelerators, including two-beam and collinear accelerators.

Research Details

In the test, a beam of electrons passed through the hollow central
hubs of the wagon wheel discs generating a nanoseconds-long
pulse of 80 MW of microwave power, in very good agreement with
advanced computer simulations. A future test is planned to achieve
output power levels in the gigawatt range. Advantages include the
high shunt impedance for high power generation and high-gradient
acceleration, the simple and rugged structure, and a large
parameter space for optimization.

Electrons transiting the 80 mm long metamaterial
structure generate high power microwaves
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