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Overview

What is dark matter?

— The axion
Resonators as low mass axion haloscopes

“Pizza Cavity” resonator prototypes
— Model 1
— Model 2

Future work/Conclusions



The Axion

e Well-motivated cold dark matter candidate

— Theorized to solve strong CP problem,
characteristics match that of CDM candidates

Dark Matter and Background Light - J.M.
Overduin & P.S. Wesson
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A bit of cosmology

it

MmANY

- Low mass axions prevented other decay
modes, so the universe would be filled
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Overview

* Resonators as low mass axion haloscopes



Axion Haloscopes and Resonators

Axions moving through
magnetic field will convert

00000000,

APOPXHERERE®

Ben T. McAllister et al., Phys. Rev. Lett. 116, 161804
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ADMX

Field Cancellation Coil

SQUID Amplifier Package

Dilution Refrigerator

Antennas

8 Tesla Solenoid Magnet

- oy
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Motivation
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The use of dielectrics
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“Pizza Cavity” Simulation

R. Cervantes, cavity simulations, University of Washington (2017) Q\uasi.ﬂ\ﬂ510 mode
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Potential Tuning Mechanisms
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Potential Tuning Mechanisms
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Model 1

.
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Model 1
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Empty Model 1 cavity reflection result
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A mess

Reflection - Cavity 1
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Model 2
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Model 2
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Model 2 Transmission Data
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Model 2 — Tracking Modes

Cavity 2 Mode Tracking
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Overview

e Future work/Conclusions
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Future work:
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We still don’t have a catchy name..

PRNCESS - Pizza ResoNant Cavity Experiment using SapphireS

POP TART - PeriOdically-Placed Teflon Axion/Aluminum ResonaTor

DARTH VADER - Dark matter Axion Resonating Tube Haloscope with Vacuum And DiElectric R?
DARK - Dark matter Axion Resonating Kavity??

GRAY (Rybka) - GHz Range Axion cavitY

PENTAGRAM - Periodic rEsoNaTor for Acquiring GHz-Range Axionic Matter

ALAKAZAM - ALuminum Axion Cavity, AZimuthally A Mess

PANDeMIC - Pizza AxioN Dark Matter deteCtor

PARADOX - PizzA Resonator cAvity DetectOr Xperiment

PROTOCOI - Pizza ResOnaTOr Cavity detectOr

DANC Experiment - Dielectric AxioN Cavity Experiment ‘(BD"‘



Conclusions
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Dielectrics and form factor
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Q Factor of Resonators

 The Q factor (quality factor) of a resonator is a
measure of the strength of the damping of its
oscillations, or for the relative linewidth.

energy stored in cavity

(O =2rm

energy lost per cycle to walls
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Model 1 (top)
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Basic geometric solution for slice size

8/29/2017

59D + 59V =27

QD - €y o 1
9V B €ED N 1
2.10p = 6Oy

59D + 5(219D) = 27
0p = 0.40536rads = 23.225°
Oy = 0.85127rads = 48.774°
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Method for solving for resonant
frequencies

L Jzf, | p°m°
Wmnp = |
/el R? d?
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Size comparison
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Axion Haloscopes (cont’d)

o= 1_, (82N>2Efd3k SE.-E )| | dxei® ¥B () &E 2)|?
1 6172' B a | 372 X Y Y a v 0 Y ;
P. Sikivie, Phys. Rev. Lett. 51, 1415 — Published 17 October 1983
Multiplying the cross section by the axion No. of photons

time
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