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Twisted Anyon Cavity Resonators

• Twisted hollow structures

• Monochromatic bulk chiral 
modes at microwave 
frequencies 

• Near unity helicity 

• Magneto-electric coupling



Regular (DC) Cavity Haloscope

• ADMX and ORGAN (UWA)
• TM020

Two-photon axion interaction

Photon 1: E field of cavity’s resonant 
transverse magnetic mode

Photon 2: B field of surrounding 
magnet





Axion detection method limitation

Haloscopes
• GHz frequencies
• Requires external magnetic field 

Superconductive incompatible 
→ Limited Q
→ Limited Sensitivity 

Improved Detection Method
• How can we eliminate the need for an external magnet?
• How can we search lower frequencies?



Axion detection method limitation

Haloscopes
• GHz frequencies
• Requires external magnetic field 

Superconductive incompatible 
→ Limited Q
→ Limited Sensitivity 

Improved Detection Method
• How can we eliminate the need for an external magnet?
• How can we search lower frequencies?

Non-zero E∙B product in a 
single mode resonator
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Types
1) Twisted Waveguide with conducting end caps 

• Allowing all possible twist angles

2) Twisted ring (M ሷ𝑜bius strip)
• Restricted twist angles

Twisted Anyon Cavity Resonators

Callow C. Et al., IEEE Ant. And Prop. Mag. 62 60 (2020)

• Geometrically-induced high 
helicity cavity modes 

• Single mode coupling to 
axions via non-zero helicity



Advantages

• No external magnetic field

• Ability to use superconducting materials

• No need for cryogenics

• Sensitivity to Ultralight axions (10-15 eV)

• Möbius cavity has high achievable Q-factors and large numbers of high 
helicity modes across a range of frequencies



Cross-section

• Triangular cross-section shows 
greatest helicity (order unity)
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Cause of Helicity

Usual Haloscope Modes
H=0

Twisted Anyon Cavity Modes 
H≠0
Circularly polarized
Two modes: TE & TM modes

• Non-degenerate 
• Magneto-electric coupling
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COMSOL
• Helicity is calculated via finite 

element analysis
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COMSOL
• With twist 

• Eigenmodes tune in frequency 
• Helicity increases 

• Confirm theoretical predictions 



Transverse Magnetic (TM) Transverse Electric (TE)
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TE & TM modes 
degenerate in 
frequency

Transverse Magnetic (TM) Transverse Electric (TE)
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3D Printed 

3D printed aluminium 



Simulation and Experimental Results Agree
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Amplitude Modulated Sidebands

• Sensitive to amplitude 
modulation of our carrier signal

Time Domain
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Sensitivity

arXiv:2208.01640v2



Sensitivity

arXiv:2208.01640v2

Helicity

Cavity frequency 
(1 GHz)

Q factor
Measurement 

time
(1 week)

Amplitude noise 
(-160 dBcHz-1)

Microwave
Probe

Coupling

Axion Photon
Coupling Axion Frequency

Cold dark 
matter density 
(8×10−22kgm-3)

Speed of 
light 

(3x108 ms-1)



Projections
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In Conclusion

• Invention of a new class of resonator

• Simulation results have been conducted and show this new class of 
cavity has great sensitivity to ultra-light dark matter

Next Steps 
• Optimising Q-factors and minimising read-out amplitude modulation 

noise 



Questions?


