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 Currently running in the <1GHz regime.

 Development of systems that will run up to 4GHz 
is underway.

 Higher frequencies pose a challenge for 
conventional MW cavities.
— Material properties change with frequency 

with the Q of a cavity ~F-0.5.
— The physical dimensions decrease with 

increasing frequency.
— Axion coupling is ~ 𝑄 .𝐸 𝐵𝑑𝑉 so by looking at 

higher frequencies we are losing out doubly.

 Potential solutions for the 4-10GHz regime 
include:
— Photonic bandgap cavities
— Low permittivity materials

ADMX
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 Periodic structures can produce bandgaps in photon propagation like 
electrons in an atomic lattice.

 Defects in the structure can be used to create waveguides, resonant cavities 
and other features.

Photonic Band Gap Cavities
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Photonic Band Gap Cavities

On resonance = 

7.2GHz
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Photonic Band Gap Cavities

Off resonance = 

3GHz
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Photonic Band Gap Cavities

Off resonance = 

11GHz
Off resonance = 

11GHz
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Photonic Band Gap Cavities
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Photonic Band Gap Cavities
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Photonic Band Gap Cavities

Rotation Angle = 0
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Photonic Band Gap Cavities

Rotation Angle = 20
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Photonic Band Gap Cavities

Rotation Angle = 40
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Photonic Band Gap Cavities

Rotation Angle = 60
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Photonic Band Gap Cavities

Rotation Angle = 80
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Photonic Band Gap Cavities

Rotation Angle = 100
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Photonic Band Gap Cavities

Rotation Angle = 120
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Photonic Band Gap Cavities

Rotation Angle = 140
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Photonic Band Gap Cavities

Rotation Angle = 160
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Photonic Band Gap Cavities

Rotation Angle = 180
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Photonic Band Gap Cavities
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Photonic Band Gap Cavities

1.1GHz
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Pros

 With suitable choice of material Q’s similar to those of 
superconducting cavities can be achieved.

 Robust to manufacturing defects.

 PBG’s can be produced from dielectrics making the application 
of magnetic fields relatively straight forward.

 Multiple cavities can be linked to create larger resonating 
structures.

Photonic Band Gap Cavities
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Cons

 Dielectrics inherently have losses which limit the Q.

 Coupling into the structures and tuning the structure is non-
trivial.

 Small volume of the cavities.

Photonic Band Gap Cavities
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 Composite materials with structures on a scale much smaller 
that the effective wavelength.

 Can be used to create negative permittivity materials.

 In theory can be used to create permittivities ~0.

Metamaterial Cavities
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 Low permittivity effective frequency occurs at the transistion
between positive and negative refractive index.

 Limited to a small frequency range of operation.

 Tunable dielectrics may provide a mechanism to tune the low 
permittivity frequency range.

Metamaterial Cavities

Reference: Epsilon Near Zero Material For Electromagnetic Energy Transport Through Sub-wavelength Channels, SAND2012-7770
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Metamaterial Cavities
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Metamaterial Cavities
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Pros

 Can be used to ‘dope’ 
traditional cavities increasing 
the frequency for a given 
volume.

 Coupling remains straight 
forward.

 Tuning can be performed using 
the standard ADMX technique

Metamaterial Cavities
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Metamaterial Cavities
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Cons

 Introduction of losses via dielectric materials.

 Only operational over a finite frequency band.

 Research into these materials is immature.

Metamaterial Cavities
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Cons

 Introduction of losses via dielectric materials.

 Only operational over a finite frequency band.

 Research into these materials is immature.

 Not robust to manufacturing defects.

Metamaterial Cavities
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 Produce a photonic test bed to demonstrate tuneability and 
verify simulation accuracy.

 Simulate metamaterials suitable to produce the permittivity 
near zero.

 Explore the potential of using tuneable dielectrics to produce 
metamaterials which operate over a wide frequency range.

Future Plans
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