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AC Capacitor: Apply Poynting Theorem: Sensitive to g _.,

Vector Phasor Amplitudes
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SCALAR DARK MATTER: ELECTROMAGNETIC TECHNIQUES

PHYSICAL REVIEW D 106, 055037 (2022)

Searching for scalar field dark matter using cavity resonators and capacitors

V. V. Flambaum®."” B.T. McAllister,>>" 1. B. Samsonov®,"* and M. E. Tobar®**

'School of Physics, University of New South Wales, Sydney 2052, Australia
*ARC Centre of Excellence For Engineered Quantum Systems and ARC Centre of Excellence For Dark
Matter Particle Physics, QDM Laboratory, Department of Physics, University of Western Australia,
35 Stirling Highway, Crawley WA 6009, Australia
SARC Centre of Excellence for Dark Matter Particle Physics, Centre for Astrophysics
and Supercomputing, Swinburne University of Technology, John St, Hawthorn VIC 3122, Australia
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Axion Generated Magnetic Field-> Magnetic Circuit Readout Sensitive to g /1,
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Axion Generated Magnetic Field-> Magnetic Circuit Readout Sensitive to g /1,
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Low-Mass Sensitivity to the QCD Axion ~ 10 cm Scale Assumed
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The Axion-MonoPole-Detection
(AMPD) Experiment
Initial Prototype ~ 4cm
Purchased Standard Ferrite Core
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The Axion-MonoPole-Detection

(AMPD) Experiment
Initial Prototype ~ 4cm
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Why is it called an “anyon” cavity?
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Classical MObius-Ring Resonators Exhibit Fermion-Boson
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Douglas J. Ballon and Henning U. Voss
Phys. Rev. Lett. 101, 247701 — Published 9 December 2008



Twisted “anyon” microwave cavities
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Twisted “anyon” microwave cavities

Why is it called an “anyon” cavity?

PHYSICAL REVIEW LETTERS

Highlights Recent  Accepted Collections  Authors Referees Search Pres

Classical Mobius-Ring Resonators Exhibit Fermion-Boson Yn = Yn+1 -
Rotational Symmetry W, =W, N Yn = = VYn+1
Douglas J. Ballon and Henning U. Voss =10 Vi = VntoN
Phys. Rev. Lett. 101, 247701 — Published 9 December 2008 9 — =+

Fermions Come in Two Chiralities, Called Left and Right.
Bosons Do Not

Plain circle Twisted circle that shows a chirality: a Mobius strip




Twisted “anyon” microwave cavities

Why is it called an “anyon” cavity?

PHYSICAL REVIEW LETTERS

Highlights Recent  Accepted Collections  Authors Referees Search Pres

Classical MObius-Ring Resonators Exhibit Fermion-Boson
Rotational Symmetry

Douglas J. Ballon and Henning U. Voss
Phys. Rev. Lett. 101, 247701 — Published 9 December 2008

Fermions Come in Two Chiralities, Called Left and Right.
Bosons Do Not

Plain circle Twisted circle that shows a chirality: a Mobius strip HOWEVER. FOI' BOth Cavities

. 21m[ [B,(F) - EX(F) dr) o

P N N N N
\/ [E,(7) - E(F) de [B,(F) - B5(F) dr




Torus Mobius
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Anyon Cavity
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Anyon Cavity

Dihedral group of regular convex polygons: Dp




Mobius Anyon Cavity

Dihedral group of regular convex polygons: Dp

Torus

2p symmetries: p rotational + p reflection
Rotation by 2r/p preserves the object




Anyon Cavity

Dihedral group of regular convex polygons: Dp

2p symmetries: p rotational + p reflection
Rotation by 2r/p preserves the object

Boson Fermion




Twisted “anyon” microwave cavities

21m | [B,(F) - B} (F)de]
z, =

V/ TESP) - E5(F)dz [B,(7) - Bi(P)de

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. F. Bourhill, E. C. I. 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

® 3D printed

® Measured mode frequencies
to confirm simulation results



Cause of Helicity

Usual Haloscope Modes

% — O 2.49 GHz 4.50 GHz 5.73 GHz

Twisted Anyon Cavity Modes
K F 0
Circularly polarized

Two modes: TE & TM modes
« Non-degenerate

« Magneto-electric coupling
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Helicity

Mode Splitting
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* Helicity is calculated via finite element
analysis
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 JITE,(7) Ejdr [B,(7) B}(7)dr

P

2Im[[ B,(7) - E) (7 )dr]
K

* With twist
* Eigenmodes tune in frequency
* Helicity increases

* Confirm theoretical predictions
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240

3D Printed Triangular Waveguide Cavities
120 60

* Discrete angles
} sl * 3D printed aluminum
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Simulation and Experimental Results Agree

TABLE 1. Simulated f,, G, and 5, values for the greatest
|7 ,| modes for the linear and ring resonators with / = 150 mm,

vr=20mm, a =1 and 8 = 120°.

Resonator f, (GHz) G, () H,
Linear 17.044 1950 —0.931
Linear 17.688 1920 0.8796
Ring 17.022 6200 —0.931

Ring 17.814 7290 0.954
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Output

Frequency

Stabilisatio
Oscillator to

Stabilize

VvCO
input

fFBosc ™~ ];

Measurement time Cold dark matter density
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Dark matter detection in a single mode thanks to helicity Hz bz

® Accesses an axion mass range very difficult
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Twisted “anyon” microwave cavities

Dark matter detection in a single mode thanks to helicity Hz bz
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Twisted “anyon” microwave cavities

Dark matter detection in a single mode thanks to helicity Hz bz

® Accesses an axion mass range very difficult
to search 10
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Twisted “anyon” microwave cavities

Dark matter detection in a single mode thanks to helicity Hz bz e
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Twisted “anyon” microwave cavities

Dark matter detection in a single mode thanks to helicity Hz bz e

® Accesses an axion mass range very difficult
to search

® No external magnetic field needed
® Ability to use superconducting materials

® Allows high Q-factors and improved
sensitivity

® Next: Optimising Q-tactors and minimising
read-out amplitude modulation noise for a
detection run
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Slide From Anton Sokolov

AXION EFFECTS ON CHARGED PARTICLES

An analogue of the Witten effect in axion electrodynamics:

E, E,
C — — — = > V-E,; = gsyy Ho-Va

— — — — — > /

a . . .
\ M / fictitious charge density
@

Magnetic monopole looks like a dyon

No new charged particle states are produced: fictitious charge can only be
generated at distance scales r > w,', and so it is never point-like in a given

axion EFT

Axion shift symmetry i1s preserved since dependence only on Va



