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Dark Matter Candidate

 AXion

» Weak coupling with ordinary matter




Dark Sector Candidates, Anomalies, and Search Techniques
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Regular (DC) Cavity Haloscopes

« Chiral anomaly: axion 2-photon coupling
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Resonant » Detector
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Regular (DC) Cavity Haloscopes

e External magnetic field
Total stored energy

o Prohibits the use of superconducting Q = 2xf

materials Power Losses

o Limited Q — limited sensitivity
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e Resonator Size < minimum mass detectable =
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Dark Sector Candidates, Anomalies, and Search Techniques
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UPLOAD

 Two electromagnetic modes

AYAYAY A Y
Loy = 8apd(DE - B a - - <Zarr
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|
®, = W, — @, axion upconversion
Photon ° of freedom 1: Photon ° of freedom : :
Cavity TE mode 2: Cavity TM mode w, = W, + w;, axion downconversion

®,=w,; — o, Q where Q < o,
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e Detection in a lower mass range

 No applied DC magnetic field



UPLOAD

 Two electromagnetic modes
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Twisted Anyon Cavity

 Twisted hollow structures

« Chiral modes at microwave frequencies




Twisted Anyon Cavity

Mirror Asymmetry —— Magneto-electric coupling

New Orthogonality Basis: Chiral [
T T — I . ’
Magnetic (TM)  Electric (TE) o Lay = 8ayd(DE - B

Single electromagnetic mode




Twisted Anyon Cavity

Mirror Asymmetry —— Magneto-electric coupling

New Orthogonality Basis: Chiral [
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* Increasing twist:

e Helicity increases
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Selective Laser Melting

e 3D printed aluminium-silicon



Simulation and Experimental Results Agree
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Mobius Resonator

* Increased Q-factor

Total stored energy
T Q=2xf
v Power Losses =
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e Multiple high-helicity modes
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Amplitude a.u.

Amplitude Modulated Sidebands
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Sensitivity
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A 3D printed superconducting aluminium microwave cavity

Daniel L. Creedon,"' Maxim Goryachev,? Nikita Kostylev,? Timothy B. Sercombe,®

and Michael E. Tobar>?

APPLIED PHYSICS LETTERS 109, 032601 (2016)
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Q factor

Q-factor Measurements
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Annealing

 X.P. Li, Acta Mater. 95:74-82 (2015)

e Extracting Silicon remnants
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Commercial Application

Commercialization ——— Chiral Seperation

HPLC

Wasteful, inefficient, costly

10’s of mg per day



Commercial Application

Twisted electromagnetic devices
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Commercial Application
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Future Work
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PHYSICAL REVIEW D 108, 052014 (2023)

Searching for ultralight axions with twisted cavity resonators of anyon
rotational symmetry with bulk modes of nonzero helicity

J. E. Bourhill, E. C. 1. Paterson™, M. Goryachev, and M. E. Tobar

Quantum Technologies and Dark Matter Labs, Department of Physics, University of Western Australia,
35 Stirling Highway, 6009 Crawley, Western Australia

® (Received 28 August 2022; revised 19 May 2023; accepted 11 September 2023; published 29 September 2023)

Mibius-ring resonators stem from a well-studied and fascinating geometrical structure which features a
one-sided topology, the Mdbius strip, and have been shown to exhibit fermion rotational symmetry with
respect to a ring resonator with no twist (which exhibits boson rotational symmetry) [Phys. Rev. Lett. 101,
247701 (2008)]. Here, we present a new type of resonator through the formation of twisted hollow
structures using equilateral triangular cross sections, which leads to the realization of a cavity with anyon
rotational symmetry. Unlike all previous cavity resonators, the anyon resonator permits the existence
of bulk resonant modes that exhibit nonzero electromagnetic helicity in vacuo, with nonzero overlap of
the electric and magnetic mode eigenvectors, [E, - B,dr, integrated over the cavity volume. In the
upconversion limit, we show that these nonzero helical modes couple naturally to ultralight dark matter
axions within the bandwidth of the resonator by adding amplitude modulated sidebands through the axion-
photon chiral anomaly. Thus, we show a sensitive ultralight dark matter experiment may be realized by
implementing such a resonator in an ultrastable oscillator configuration and searching for signals in the
Fourier spectrum of amplitude fluctuations. This removes the typical requirement for an external magnetic
field and therefore permits the use of superconducting materials to reduce surface losses and enhance
sensitivity to axions.

DOI: 10.1103/PhysRevD.108.052014
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PRL 101, 247701 (2008) PHYSICAL REVIEW LETTERS 12 DECEMBER 2008

Classical Mobius-Ring Resonators Exhibit Fermion-Boson Rotational Symmetry

Douglas J. Ballon*®

Department of Physiology, Biophysics, and Systems Biology, Weill Cornell Graduate School of Medical Sciences,
1300 York Avenue, Box 234, New York, New York 10021, USA

Henning U. Voss

Department of Radiology, Weill Cornell Medical College, 516 East 72nd Street, New York, New York 10021, USA
(Received 17 January 2008; revised manuscript received 5 September 2008; published 9 December 2008)
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Origin of the High Helicity Modes

1

Helicity

(zHD) Aouanbai4

Transverse Magnetic (TM) Transverse Electric (TE)
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Origin of the High Helicity Modes

Mode Splitting
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Origin of the High Helicity Modes
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Annealing

o Baked at 500°C for 2 hours in air

post-annealing pre-annealing
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Berry Phase Generation

nature photonics

Article

https://doi.org/10.1038/s41566-022-01107-7

Experimental observation of Berry phasesin

optical Mobius-strip microcavities Mobius strip vector flip
Received: 9 June 2022 Jiawei Wang'?>*", Sreeramulu Valligatla'", Yin Yin"4, Lukas Schwarz',
A 413 October 2022 Mariana Medina-Sanchez', Stefan Baunack®’, Ching Hua Lee®,
ceepted: 13 October Ronny Thomale ®°¢, Shilong Li® ", Vladimir M. Fomin®', LiboMa®" &
Published online: 22 December 2022 Oliver G. Schmidt®>°*°
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Berry Phase Generation
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Berry Phase Generation
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Berry Phase Generation

* Security & robustness of telecommunication
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Waveguide Configuration

o G-factor and Q-factor are related

Q_a)U
=
i 2
op [, [H| dv
0= - :
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G = Iy
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Twistable Rectangular Resonator
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Twistable Rectangular Resonator -
Simulation

Flexible Rectangular Waveguide Sweep (-360° to 360°)
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Twistable Rectangular Resonator -
Experimental Set-up :




Twistable Rectangular Resonator
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