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| ow-mass bosonic dark matter ->
eAppears Iin experiments coherently via wave phenomena rather than as individual quanta.
*QCD axion and more general axions (Axion Like Particles)
eDark photons
eScalar dark matter (i.e. Dilaton)
*Current experimental techniques ->
eBroadband and resonant searches via cavities, circuit oscillators, NMR etc.
eUtilizes low noise readout with quantum sensing and amplification technologies.
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* For example, application -> 3-year PDRA -> kickstart WISP program at Adelaide with UWA
Supported by the SA government in the form of $100,000/year?



J 1B

PARTICLE PHYSICS

QUANTUM TECHNOLOGIES AND
DARK MATTER RESEARCH LAB . EQUS

https://www.qdmlab.com/

QDM qu Home About OurTeam Alumni News Contact

i
| Jffiwrul:ulll il




Generic Experiment

Wave like Dark Matter surrounds us

E Ele

Shield Shield
a8 <8 =)

Dark rAxatlt::‘)w’“ @ Dark Matter Wave l
(Axion) é ]}_
Radio
Cavity
k + Ul i L + Quantum Sensor F
Microwave Cavity Lumped Element

Shield
<" &
Dark Matter Wave . Dark Matter Wave f !
(Axion) o (Axion) § j’
L ©)
Quantum
UMR + Quantum Sensou Rt o e
Magnetic Resonance Atom Interferometry

Design Physics Package:



Generic Experiment

Wave like Dark Matter surrounds us

Electromagnetic
waves

SSSSSSSSS

2 = =
Dark (ljl\xatlt:'r‘)Wave @ st mt::;)wave E-‘-)_
= N
\_ + Quantum Sensor L + Quantum Sensor y
Microwave Cavity Lumped Element

Dark Matter Wave o Dark Matter Wave 5 I
(Axion) o (Axion) E j’
& ©;
Quantum
UMR + Quantum Sensou Bt o
Magnetic Resonance Atom Interferometry

Design Physics Package:
-> Sensitive to the type of Dark Matter of Interest
-> Axion, Dilaton etc.



Generic Experiment

Wave like Dark Matter surrounds us

Electromagnetic Electromagnetic
waves waves

Shield Shield
4 ( =
Dark Matter Wave l
Dark Matter Wave
(Axion) @ (Axion) é :@_
Radio
Cavity
b Qu i L + Quantum Sensor r
Microwave Cavity Lumped Element
Electromagnetic
waves
Shield
P > €}
Dark Matter Wave D g Dark Matter Wave §
(Axion) O— (Axion) g
i @
Quantum
UMR + Quantum Sensou i e
Magnetic Resonance Atom Interferometry

Design Physics Package:
-> Sensitive to the type of Dark Matter of Interest

-> Axion, Dilaton etc.
-> Theory interacts with Experiment: How Dark Matter

interacts with Standard Model Particles, Optimise Signal



Generic Experiment Design Readout with Lowest Noise Possible:

Wave like Dark Matter surrounds us Optimize Noise

Electromagnetic Electromagnetic
waves ¢

Shield Shield
4 ( =
Dark Matter Wave l
Dark Matter Wave
(Axion) @ (Axion) é :@_
avity Radio
\  +Qua Biioe L + Quantum Sensor r
Microwave Cavity Lumped Element
Electromagnetic
waves
S
P > €}
Dark Matter Wave D gy Dark Matter Wave §
(Axion) O— (Axion) g
™ ©;
Quantum
UMR + Quantum Sensou i e
Magnetic Resonance Atom Interferometry

Design Physics Package:
-> Sensitive to the type of Dark Matter of Interest

-> Axion, Dilaton etc.
-> Theory interacts with Experiment: How Dark Matter

interacts with Standard Model Particles, Optimise Signal



Generic Experiment

Wave like Dark Matter surrounds us

eeeeeeeeeeeeeee

waves
Shield
Dark Matter Wave
(Axion) @

Electromagnetic
waves

Dark Matter Wave o -

‘ =

LNMR + Quantum Sensor J

Magnetic Resonance

Design Physics Package:

-> Sensitive to the type of Dark Matter of Interest

-> Axion, Dilaton etc.

Electromagnetic
waves

hhhhh

Dark Matter Wave =
(Axion)

Atom Interferometry

Design Readout with Lowest Noise Possible:
Optimize Noise

Precision Microwaves
Precision Optics
Precision RF
Precision Acoustics
Precision Spin ESR, NMR
Precision Hybrid Quantum Systems
Magnon/Photon
Phonon/Photon

-> [heory interacts with Experiment: How Dark Matter
interacts with Standard Model Particles, Optimise Signal



Generic Experiment

Wave like Dark Matter surrounds us

eeeeeeeeeeeeeee

waves
Shield
Dark Matter Wave
(Axion) @

Electromagnetic
waves

Dark Matter Wave o -

‘ =

LNMR + Quantum Sensor J

Magnetic Resonance

Design Physics Package:

-> Sensitive to the type of Dark Matter of Interest

-> Axion, Dilaton etc.

Electromagnetic
waves

hhhhh

Dark Matter Wave =
(Axion)

Atom Interferometry

Design Readout with Lowest Noise Possible:
Optimize Noise

Precision Microwaves
Precision Optics
Precision RF
Precision Acoustics
Precision Spin ESR, NMR
Precision Hybrid Quantum Systems
Magnon/Photon
Phonon/Photon

Low Noise Quantum Limit

-> [heory interacts with Experiment: How Dark Matter
interacts with Standard Model Particles, Optimise Signal



Generic Experiment

Wave like Dark Matter surrounds us

eeeeeeeeeeeee
waves

Shield
~
Dark Matter Wave @
(Axion) ’

Electromagnetic
waves

Dark Matter Wave o -

‘ =

QMR + Quantum SensorJ

Magnetic Resonance

Design Physics Package:

-> Sensitive to the type of Dark Matter of Interest

-> Axion, Dilaton etc.

Electromagnetic
waves

hhhhh

Lumped Element

©

Dark Matter Wave F I
|3

(Axion)
e

Quantum
atomic clocks

Atom Interferometry

Design Readout with Lowest Noise Possible:
Optimize Noise

Precision Microwaves
Precision Optics
Precision RF
Precision Acoustics
Precision Spin ESR, NMR
Precision Hybrid Quantum Systems
Magnon/Photon
Phonon/Photon

Low Noise Quantum Limit
Quantum metrology to surpass

-> [heory interacts with Experiment: How Dark Matter
interacts with Standard Model Particles, Optimise Signal



Generic Experiment

Wave like Dark Matter surrounds us

eeeeeeeeeeeee
waves

Shield
~
Dark Matter Wave @
(Axion) ’

Electromagnetic
waves

Dark Matter Wave o -

‘ =

QMR + Quantum SensorJ

Magnetic Resonance

Design Physics Package:
-> Sensitive to the type of Dark Matter of Interest

-> Axion, Dilaton etc.

Electromagnetic
waves

hhhhh

Lumped Element

©

Dark Matter Wave F I
|3

(Axion)
e

Quantum
atomic clocks

Atom Interferometry

Design Readout with Lowest Noise Possible:
Optimize Noise

Precision Microwaves
Precision Optics
Precision RF
Precision Acoustics
Precision Spin ESR, NMR
Precision Hybrid Quantum Systems
Magnon/Photon
Phonon/Photon

Low Noise Quantum Limit
Quantum metrology to surpass

Eg. Photon Counter at Microwaves

-> [heory interacts with Experiment: How Dark Matter
interacts with Standard Model Particles, Optimise Signal



Generic Experiment Design Readout with Lowest Noise Possible:

Wave like Dark Matter surrounds us Optimize Noise

1 Precision Microwaves
~N 7 N 7 Precision Optics
Ko’ @: " él_]; Precision RF
N . Precision Acoustics
erowave Gavty Precision Spin ESR, NMR
S Precision Hybrid Quantum Systems
o & Magnon/Photon
g | & ot 1 Phonon/Photon
G @i Low Noise Quantum Limit
Magnetic Resonance Atom Interferometry
Quantum metrology to surpass

Design Physics Package:
-> Sensitive to the type of Dark Matter of Interest

-> Axion, Dilaton etc.
o . . | Signal To Noise Ratio (SNR) Capable of
-> Th t ts with E t: How Dark Matt
> [TISOIy MTSraLts WIth EXPSTITISTIE. HOW Lark Vatier Detecting known Dark Matter Density*?

interacts with Standard Model Particles, Optimise Signal

Eg. Photon Counter at Microwaves



Resonator/Oscillator/Clock Zoo
Photons Phonons Magnons Atoms

Symmetric

Xenon 54 core :
+
515 %: ’ ‘
*¢. *., '6s
n-2 e
n=3 ’l"‘. "":'
v d v e !
Cesnum n=4 n=5
Hyperfine splitting of 1 electron

3.26 cm

2VaV,

'=9,192,631,770 Hz F=3

7 nuclear
2 spin

\

the 6s electron level ‘ 4‘ 2 spin

Perpendicular
polarizer

et | Spin torque
oscillator

C

Dynamic
polarizer

Magnetic
tunnel junction

Main static
polarizer

Spin-Torque

EQUS Thorium

" Nuclear transitions




PHYSICAL REVIEW APPLIED 14, 044051 (2020) (4) LCR CirCUitS

Physics of the Dark Universe 30 (2020) 100624

(2) ORGAN

Dielectric-Boosted Sensitivity to Cylindrical Azimuthally Varying
Transverse-Magnetic Resonant Modes in an Axion Haloscope

Contents lists available at ScienceDirect

Physics of the Dark Universe
Aaron P. Quiianmo.‘ " Ben T. McAllister,! Cray R)‘bkn:f;.2 and Michael E. Tobar>'-* y

"ARC Centre of Excellence for Engineered (nantum Sysiems and ARC Centre of Excellence for Dark Matier
Parttcle Physics, Department of Physics, Untversity of Western Australta, 35 Sirltng Highway, Crawley WA 6009,
Awstralta
"Centre for Expertmenial Nuclear Physics and Astrophysscs, Untverstty of Washington, 1410 NE Camprer
Parkway, Seattle, Washington 95195, USA

journal homepage: www.elsevier.com/locate/dark

®)| (Received 15 June 2020; revised 6 August 2020; accepted 28 September 2020; published 27 October 2020) Broadband electrical action sensing techniques with conducting wires | )
Axions are a Wu Mmﬂam«hm that are oﬁc.n scarched for m cx:paimc.nts known as fOI‘ lOW-maSS dark matter aXiOH dEtECtiOl‘l =2
“haloscopes,” which explost a putative axion-photom coupling. These experiments typically rely on ) . ) )
transverse-magnetic (TM) modes in rescnant cavities 1o capture and detect photons generated via axion Michael E. Tobar ", Ben T. McAllister, Maxim Goryachev
"_“""“’im-_w': present 2 ”-“dy of 2 muxﬁt)' design for ’Ppbm"“‘ in haloscope "-""d“-" of par- ARC Centre of Excellence For Engineered Quantum Systems, Department of Physics, University of Westem Australia, 35 Stirling
ticular use i the push to higher-mass axion searches (above approximately 60 peV). In particular, we Highway, Crawley WA 6009, Australia

take advantage of anmuthally varying TMgio modes that, while typically insensitive to axions due to ficld
nonumiformety, can be made axion senstive (and frequency tunable) through the strategic placement of
dielectric wedges, becoming a type of resonator known as a diclectnc-boosted axion-sensitivity (DBAS)
resomator. Results from finte-clement modeling are presented and compared with a simple proof-of-
comoept expeniment. The results show a sigmificant increase in axion sensitivity for these DBAS resomators
over their empty-cavity counterparts and high potential for apphication in high-mass axvion searches when

benchmarkec againet simplerrore it designs ht ey o fedametal TM mdes. (6) SCALAR DARK MATTRR

DOI: 10,1103/ FaysRevAppliod 14.044051

Searching for Scalar Dark Matter via Coupling to Fundamental Constants with

(5) U PLOAD Photonic, Atomic and Mechanical Oscillators

UPconversion Loop Oscillator Axion Detection experiment: A precision frequency William M. Campbell,’ Ben T. McAllister,! Maxim Goryachev,! Eugene N. Ivanov,! and Michael E. Tobar®: *
inte rfe rometric aXion dark matter SearCh With a Cylindrical Microwave Cavity LARC Centre of Excellence for Engineered Quantum Systems and ARC Centre of Excellence for Dark Matter Particle Physics,

Department of Physics, University of Western Australia,
35 Stirling Highway, Crawley, WA 6009, Australia.

Catriona A. Thomson, Ben T. McAllister, Maxim Goryachev, Eugene N. Ivanov, Michael E. Tobar (Dated: September 18, 2020)
First experimental results from a room-temperature table-top phase-sensitive axion haloscope experiment are presented. The technique exploits the We present a way to search for light scalar dark matter (DM), exploiting putative coupling between
axion-photon coupling between two photonic resonator-oscillators excited in a single cavity, allowing low-mass axions to be upconverted to dark matter scalar fields and fundamental constants, by searching for frequency modulations in

a direct comparisons between frequency stable oscillators. Specifically we compare a Cryogenic

microwave frequencies, acting as a source of frequency modulation on the microwave carriers. This new pathway to axion detection has certain ) . s . .
G 9 I Y P Y Sapphire Oscillator (CSO), Hydrogen Maser (HM) atomic oscillator and a Bulk Acoustic Wave

advantages over the traditional haloscope method, particularly in targeting axions below 1 yeV (240 MHz) in energy. At the heart of the dual-mode (BAW) quartz oscillator. This work includes the first calculation of the dependence of acoustic
oscillator, a tunable cylindrical microwave cavity supports a pair of orthogonally polarized modes (TMg 0 and TEg 1), which, in general, enables BAW resonators on variations of the fundamental constants, and demonstration that they can be
simultaneous sensitivity to axions with masses corresponding to the sum and difference of the microwave frequencies. However, in the reported a sensitive tool for scalar DM experiments. Result are presented based on 16 days of data in

experiment, the configuration was such that the sum frequency sensitivity was suppressed, while the difference frequency sensitivity was enhanced. comparisons betw‘j’en Phe HM and BAW, and 2 da'ys. of comparison bef‘ween the BAW and CSO_'
No evidence of oscillating fundamental constants consistent with a coupling to scalar dark matter is

. . .. . .. . -7
The results place axion exclusion limits between 7.44 - 19.38 neV, excluding a minimal coupling strength above 5 X 107" 1/GeV, after a measuremen found, and instead limits on the strength of these couplings as a function of the dark matter mass are

period of two and a half hours. We show that a state-of-the-art frequency-stabilized cryogenic implementation of this technique, ambitious but determined. We constrain the dimensionless coupling constant d. and combination |dm, — d,| across
realizable, may achieve best limits in a vast range of axion-space. the mass band 4.4 x 107'? <m, < 6.8 x 107'* eVce™?, with most sensitive limits d. > 1.59 x 10~ ",
|dm, — dg| = 6.97 x 10~ *. Notably, these limits do not rely on Maximum Reach Analysis (MRA),
instead employing the more general coefficient separation technique. This experiment paves the way
for future, highly sensitive experiments based on state-of-the-art acoustic oscillators, and we show
that these limits can be competitive with the best current MRA-based exclusion limits.

Comments: 14 pages (4 body, 8 supplementary material, 2 bibliography), 10 figures (3 body, 7 supplementary)
Subjects: High Energy Physics - Experiment (hep-ex); Instrumentation and Detectors (physics.ins-det)
Cite as: arXiv:1912.07751 [hep-ex]

(or arXiv:1912.07751v2 [hep-ex] for this version)
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M. Goryachev,6 B. McAllister,6 M. E. Tobar,6 C. Boutan,7 M. Jones,7 B. H. LaRoque,7 N. S. Oblath,” M. S.
Taubman,’ John Clarke,® A. Dove,® A. Eddins,® S. R. O’Kelley,8 S. Nawaz,® I. Siddiqi,8 N. Stevenson,® A.
Agrawal,9 A. V. Dixit,” J. R, Gleason,lo S. Jois,10 P. Sikivie,lo J. A. Solomon,10 N. S. Sullivam,10 D. B. Tanner,°
E. Lentz,'! E. J. Daw,!? M. G. Perry,!? J. H. Buckley,!® P. M. Harrington, ! E. A. Henriksen,!®> and K. W. Murch!’

(ADMX Collaboration)
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llinois Institute of Technology, Chicago IL 60616, USA
4Lawrence Livermore National Laboratory, Livermore, CA 94550, USA
SLos Alamos National Laboratory, Los Alamos, NM 87545, USA
6University of Western Australia, WA, Australia
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(Dated: October 14, 2020)

Searching for axion dark matter, the ADMX collaboration acquired data from January to October 2018, over
the mass range 2.81-3.31 peV, corresponding to the frequency range 680-790 MHz. Using an axion haloscope
consisting of a microwave cavity in a strong magnetic field, the ADMX experiment excluded Dine-Fischler-
Srednicki-Zhitnisky (DFSZ) axions at 100% dark matter density over this entire frequency range, except for a
few gaps due to mode crossings. This paper explains the full ADMX analysis for Run 1B, motivating analysis
choices informed by details specific to this run.



Cavity-Magnon Polariton Axion Detection Experiment

Physics of the Dark Universe 25 (2019) 100306

This experiment can distinguish Axion models, if
ever detected we will make a dedicated
experiment

Contents lists available at ScienceDirect
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journal homepage: www.elsevier.com/locate/dark
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Science News from research organizations

'Axion’ particle solves three mysteries of the universe

Date: March 10, 2020
Source: University of Michigan

Summary: A hypothetical particle called the axion could solve one of physics' great mysteries: the
excess of matter over antimatter, or why we're here at all.
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excess of matter over antimatter, or why we're here at all.

Predictions for Axion Couplings from ALP Cogenesis

Raymond T. Co, Lawrence J. Hall, Keisuke Harigaya

Adding an axion-like particle (ALP) to the Standard Model, with a field velocity in the early universe, simultaneously explains the observed baryon and dark matter
densities. This requires one or more couplings between the ALP and photons, nucleons, and/or electrons that are predicted as functions of the ALP mass. These
predictions arise because the ratio of dark matter to baryon densities is independent of the ALP field velocity, allowing a correlation between the ALP mass, m,, and
decay constant, f,. The predicted couplings are orders of magnitude larger than those for the QCD axion and for dark matter from the conventional ALP misalignment
mechanism. As a result, this scheme, ALP cogenesis, is within reach of future experimental ALP searches from the lab and stellar objects, and for dark matter.
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Naive estimate gives dn = 1016 e-cm

Neutron




QCD: Why is the neutron electric dipole

moment so small?

Quarks should give a charge distribution
Naive estimate gives dn = 1016 e-cm

Neutron

Upper Limit of Neutron EDM (cm)

*from Aaron Chou (FNAL)

8- |

O

-

O
- o
: o 1
o
o

|

19950 1960 1970 1980 1990 2000

feqr



QCD: Why is the neutron electric dipole

moment so small?

s *from Aaron Chou (FNAL)
Quarks should give a charge distribution 10
. . . ® ;
Naive estimate gives dn, = 10-16 e-cm T % |
- |
Neutron G450
- =
o _qo
O 1 ©
& 10
- 21
IS . |
1572
= -
010" D
~ — 8
- -4
_E, 10 .. o ,
: _ o
&j' 1 () - Em 4
2 .
5’ _30—96
< > -27 |
10 — : .
15 1950 1960 1970 1980 1990 2000
1 O M feqr

This leads to the “Strong CP Problem”: Where did QCD CP violation go?
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* Virialization of dark matter halo -> Dissipative effect that converts the kinetic energy
of collapse into random motions.

« If no virialization the dark matter axion is coherent. a(t) = aySin(w t + @)

* Otherwise, model as a Narrow Band noise source, as a Spectral Density with a
Bandwidth.
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PHYSICAL REVIEW LETTERS week ending

PRL 95, 091304 (2005) 26 AUGUST 2005

Results of a Search for Cold Flows of Dark Matter Axions

L. Duffy,1 P. Sikivie,' D.B. Tanner,' S. Asztalos,” C. Hagmann,2 D. Kinion,”> L. J Rosenbe:rg,2
K. van Bibber,” D. Yu,” and R.F. Bradley3

1Physics Department, University of Florida, Gainesville, Florida 32611, USA
’Lawrence Livermore National Laboratory, Livermore, California 94550, USA

>National Radio Astronomy Observatory, Charlottesville, Virginia 22903, USA
(Received 11 May 2005; published 26 August 2005)

Theoretical arguments predict that the distribution of cold dark matter in spiral galaxies has peaks in
velocity space associated with nonthermalized flows of dark matter particles. We searched for the
corresponding peaks in the spectrum of microwave photons from axion to photon conversion in a cavity
detector for dark matter axions. We found none and place limits on the density of any local flow of axions
as a function of the flow velocity dispersion over the axion mass range 1.98 to 2.17 ueV.
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Major Experiments: Summary

Program

2020

ADMX Run 1b, Ic, 2A,2B

WISP Direct ADMX Upgrade, 8-16 ueV

2021 2022 2023 2024 2025 2026 2027

Design/Proto

Detection ORGAN

Design/Proto

ORGAN Upgrade

* ORGAN nearly ready for first run

* ADMX: Gen 2, 0.6-2 GHz or 2.5-8.3 micro eV mass (Approved to run to 2022 USA Financial Year)

* Run 1a: 2016-2017

* Run 1b: 2018 (Some data analysis still ongoing)

* Run 1c: 2020 to reach 1030 MHz (Current run)

* Run 1D: 1030-1200 MHz

* Run 2A: 1200-1500 MHz and 2B 1500-2000 MHz
e ADMX Gen 2, 2-4 GHz or 8.3-16.4 micro €V mass (Approved to run to 2022 USA Financial Year)

e Run A: 2-3 GHz
e Run B: 3-4 GHz
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Figure 3: Axion coupling and mass parameter space showing regions covered by previous experiments, current
ADMX G2 operations, and this proposal. Recent axion mass lower bound predictions are also shown numbered
as follows: 1: Bonati (2016), 2: di Cortona (2016) 3: Petreczky (2016), 4: Berkowitz (2015), 5: Klaer (2017), 6:
Borsanyi (2016)

Sadecar Cavnty
4-6 GHz T™M,,, mode
> J GHz TM;;, mode

’ Cavity system for run 2a
Cavity from run 18 & 1b Cawty from run 1c & 1d

\ ' Full sized & caaty array
Two 2" diameter tuningrods  Larger 4.57 (then 67) diameter tunirg rods Sspphire (1200 - 1500 MH2)
580 - 890 MMz 780 ~ 1200 MH2 Metal Rods (1500 - 2000 MHz)

Figure 6: Set of currently deployed and planned cavities for the ADMX Gen 2 program that operates to 2 GHz. The
Sidecar cavity system represents our in-situ estbed cavity system that will be the baseline unit for our 14 cavity array.
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« High frequency haloscope at UWA (>15 GHz) _
o Multi-stage project: 10-1eL :
« Narrow searches around 15-16 GHz, and 26-27 W Fr;quer;cy (;Hz?;lo T T T e
GHz (Phasel)
e Wider scan at high frequencies: 15-50 GHz * Phase 1, Darker green HEMT-based amplifiers, and TMo1o, tuning
(Ph ase “) rod-based resonators, form factor of 0.4, loaded Q of 30,000.
. . e Upgrade Lighter green -> Photon Counter, form factor of 0.45, a
« Pathfinder experiment already complete loaded quality factor of 50,000, and 50% greater volume
. Funding for future acquired  Phase 2, Darker red quantum limited linear amplifiers (2-4 cavities)
: Quantum limited
L Ready tO SCa le up and deteCt some axions ° L|ghter red, S|ng|e photon counter

o Other complementary axion dark matter searches
in development at UWA



FIRST GAVITY DESIGN: Standard

Top Down view of E, field over tuning range
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PHYSICAL REVIEW APPLIED 14, 044051 (2020)

Dielectric-Boosted Sensitivity to Cylindrical Azimuthally Varying
Transverse-Magnetic Resonant Modes in an Axion Haloscope

Aaron P. Quiskamp>.'-* Ben T. McAllister,! Gray Rybka® ? and Michael E. Tobar>'-*
"ARC Centre of Excellence for Engtneered (uantum Systems and ARC Centre of Excellence for Dark Matier
Parttcle Physics, Department of Physics, Untversity of Western Australta, 35 Sitrltng Highway, Crawley WA 6009,
Australia

"Centre for Expertmental Nuclear Physics and Astrophysscs, Universtty of Washington, 1410 NE Camprer
Parkway, Seattle, Washington 98195, USA

M| (Received 15 June 2020; revised 6 August 2020; accepted 28 September 2020; publishad 27 October 2020)

Axions are a popular dark-matter candidate that are ofien secarched for i expenments known as
“haloscopes,” which exploit a putative axicn-photon coupling. These experiments typically rely on
transverse-magnetic (TM) modes in resonant cavities to capture and detect photons generated via axion
comversion. We present a study of a resonant-cavity design for apphication in haloscope scarches, of par-
ticular use m the push to higher-mass axion searches (above approximately 60 peV). In particular, we
take advantage of xnmuthally varying TMgi1o modes that, while typically insensitive to axions due to ficld
nonumiformaty, can be made axion senstive (and frequency tunable) through the strategic placement of
dielectric wedges, becoming a type of resonator known as a diclectnic-boosted axion-sensitivity (DBAS)
resomator. Results from finte-clement modeling are presented and compared with a simple proof-of-
comoept expenment. The results show a sigmificant increase in axion sensitivity for these DBAS resonators
over their empty-cavity counterparts and high potential for apphication in high-mass axion searches when
benchmarked against ssmpler more traditiomal designs that rely on fundamental TM modes.

DOI: 10.1103/FaysRevAppliod 14.044051



NEKT CAVITY DESIGN: New Goncept

Dielectric Wedge Resonator

o Add dielectrics in alternate field lobes — boost form factor

« Design with Sapphire, Large Improvement in Sensitivity

o Tested with Teflon
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We would like to gain interest from Fermilab to collaborate on this project and add to the LOI



Searching for Scalar Dark Matter via Coupling to Fundamental Constants with

William M. Campbell,! Ben T. McAllister,! Maxim Goryachev,! Eugene N. Ivanov,! and Michael E. Tobar® *
LARC Centre of Excellence for Engineered Quantum Systems and ARC Centre of Excellence for Dark Matter Particle Physics,

-

Photonic, Atomic and Mechanical Oscillators

Department of Physics, University of Western Australia,
35 Stirling Highway, Crawley, WA 6009, Australia.

(Dated: September 18, 2020)

We present a way to search for light scalar dark matter (DM), exploiting putative coupling between
dark matter scalar fields and fundamental constants, by searching for frequency modulations in
a direct comparisons between frequency stable oscillators. Specifically we compare a Cryogenic
Sapphire Oscillator (CSO), Hydrogen Maser (HM) atomic oscillator and a Bulk Acoustic Wave
(BAW) quartz oscillator. This work includes the first calculation of the dependence of acoustic
BAW resonators on variations of the fundamental constants, and demonstration that they can be
a sensitive tool for scalar DM experiments. Result are presented based on 16 days of data in
comparisons between the HM and BAW, and 2 days of comparison between the BAW and CSO.
No evidence of oscillating fundamental constants consistent with a coupling to scalar dark matter is
found, and instead limits on the strength of these couplings as a function of the dark matter mass are
determined. We constrain the dimensionless coupling constant de and combination |dm, —dg4| across
the mass band 4.4 x 107" <m,, < 6.8 x 107" eVc ™2, with most sensitive limits d. > 1.59 x 10~ ",
|dm, — dg| = 6.97 x 10~ 1. Notably, these limits do not rely on Maximum Reach Analysis (MRA),
instead employing the more general coefficient separation technique. This experiment paves the way
for future, highly sensitive experiments based on state-of-the-art acoustic oscillators, and we show
that these limits can be competitive with the best current MRA-based exclusion limits.
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