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Searching For new Physics

• Unsolved problems in Physics
– Dark Matter (search for dark sector particles)

– Dark Energy

– Theory of Quantum Gravity (search for break down in 
relativity of Lorentz Invariance violations)

• Can use low energy precision experiments (at UWA)
– Phonons (search scalar dark matter particles, LIV of 

oscillating masses)

– Spins (search spin interaction with axions)

– Photons (search dark matter particles, LIV of photon and 
constancy of speed of light)







Tested Across Many Different Particle Sectors

-> Photon
-> Matter (neutron, proton, electron, neutrino..)
-> Gravity

http://www.physics.indiana.edu/~kostelec/



Phonons in BAW Resonators

• HIGH-Q PHONON MODES 20mK

Qxf ~ 1018



Quartz Phonon Trapping Technology







PLL loop filter

Delay line: Δφ ~ 76 deg at 5 MHz

Attenuator

Power combiner

PLL with Interferometric Readout 

LNA (1.3 dB NF)

10 dB coupler

PLL mixer

Mixer of readout system

Isolation/booster
amplifier



Phase Noise Spectrum of 5 MHz Oscilloquartz oscillator
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Effect of Rotation on Oscillator Frequency: 2
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Rotating Quartz Oscillators



Demodulate 
Data by 
averaging over 
number of 
Rotations
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Frequency Stability Measurements

Allan deviation of fractional frequency fluctuations 
averaged over time τ

Frequency vs time 

RF oscillator & Frequency Counter:
Power incident on resonator ~ -30 dBm
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1. There  is no noticeable frequency drift despite the use of 
room temperature detection system.

2. Frequency stability improves by ~ 10% when LA sensitivity 
increases from 20 to 5 mV



Cryogenic Quartz Oscillator: Power-to-Frequency Conversion

This is more than 1000 times 
bigger than at 296 K !

Power incident on cryogenic BVA resonator (blue) 
and oscillator frequency (red) vs time

Oscillator frequency vs power



Cryogenic Quartz Oscillator: Phase Noise





DC SQUID in a copper holder to 
be attached to the “cold 
finger” of the pulse-tube 
cryocooler 

Calibration: Use resistors instead of resonators 

-> Derive SQUID transimpedance ~ 1.2 MW

Resonator with Squid Output



(i) Measurements of the SQUID voltage noise 
(ii) Estimation of the RMS current through 

resonator ( known SQUID impedance from 
calibration) 

(iii) Calculation of power dissipated in 
resonator for evaluation of mode 
temperature.

Calculate Mode Temperature



• Most of our resonators are identical 5MHz SC cut. -> do not have good 
modes around 300MHz where the mode density is sparse.

• 5MHz AT cut crystal (we have only one) has a good mode around this 
frequency, to be measured soon (varactor?), close to Ground State.

Measured at UWA at 20 mK



System is a sensitive GW Detector

Quartz

Mass = Gram Scale

Q = 109

f = 5 MHz to 700 MHz

T = 15 mK

Old Resonant Bar Detector

Mass = 1.5 tonne
Q = 107

F = 710 Hz
T = 5 K



System is a sensitive GW Detector (PRD)



• High frequency region has physically understood processes of generation 
of GWs
– thermal gravitational radiation from stars 
– Radiation from low mass primordial black holes
– gravitational modes of plasma flows

• Tests for many emerging theories predicting GW radiation at such 
frequencies.
– stochastic sources in the early Universe
– GW background from quintessential inflation
– cosmic strings
– Dilation
– pre–big bang scenarios
– Superinflation in loop quantum gravity
– Postinflationary phase transitions
– parametric resonance at the end of inflation or preheating
– braneworld black holes associated with extra dimensions
– clouds of axions (super radiance)
– quark nuggets
– One hypothetical sources (due to the Galactic center shadow brane) comes 

within the sensitivity of the proposed single detector





WG Modes

TE + TM Cylindrical modes

Reentrant Lattice

Reentrant 

High-Q and Novel Cavity Structures for Photon-Spin Strong Coupling 
and testing Fundamental Physics 





First Experiment

Multiple cylindrical 
resonators to scan over 
multiple frequencies

THE ORGAN EXPERIMENT CONCEPT

Oscillating Resonant Group AxioN
experiment

Project funded by the ARC CoE for Engineered Quantum Systems 
2018-2024: LIEF Application for dedicated Dil Fridge + 14 T Magnet 
+ 50 GHz VNA Recently Successful!

McGillivary Organ at UWA





Feb 2017



How do you detect them

From an external DC 
magnetic field

Virtual 
photon

Axion

Detected 
photon

Resonant cavity

Lagrangian gives effective 
strength

Coupling
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Axion Mass / Photon Coupling
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Michael.Tobar@uwa.edu.au / Stephen.Parker@uwa.edu.au



FIRST STEP

Oscillating Resonator Group AxioN

PathfInder ProjEct

Multi-Channel Digitizer 
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First Stage Amplifiers 

Microwave 

Signal Source 

ORGAN PIPE

Start with 1 cavity borrow 

equipment from other 

projects…

1) Check Detection Claim

2) Show proof of concept at 

higher masses

3) Test novel noise reduction 

and signal enhancing 

techniques



First Path finding Run Reported with strategy for Improvements 



First run complete

TM020 mode

sampling frequency of the digitizer is 1GHz, the 
26.54GHz



Magnet & readout

7 T Magnet (10 cm bore)

LNF Cryo HEMTS

~10 K Noise temp (15 – 29 GHz)

Need to develop JPA’s at high frequency

38

2-channel digitizer

Keysight U5303A

Stephen.Parker@uwa.edu.au







Novel Resonator Designs

arXiv:1705.06028 [physics.ins-det]







New Grant Application for 5 more Dark 
Matter Experiments

Precision Low Energy Experiments to Search for New Physics

• Centre of Excellence Application for 7 years of funding 
• Short Listed 10 out of 20 to be funded 
• Headed by Prof. Elisabetta Barberio Univ. Melb



Search for Scalar particles with phonons
(Resonant GW Detectors)

Search for Spin 0 Bosons (axions) interaction with spins

New Ideas for DM Searches

Dual-Mode Oscillator coupled to axions



5th idea













The BEAST Experiment

Ba

a

A=pR2

Bo (DC field)

Measure with SQUID (current) or 
High Impedance Amplifier (Voltage)
















