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Michael Tobar Thurs. 15:20-15:35 Searching for Axion Dark Matter with the ORGAN
Experiment
< Andrew Sonnenshein Thurs. 17:35-17:50 BREAD- The Broadband Reflector Experiment for Axion
Detection
Taj Dyson Tues. Poster Session High-frequency Cavity Haloscopes for the ADMX-VERA
Program
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Northwest  QCD Axion Dark Matter

QCD is naturally CP violating

Expectation signatures of this violation include neutron
electric dipole moment, naively at 10-1°e-cm d ~ To&agm

= Not seen to 1.8x1026 e-cm (Abel et al 2020) < 1.8x10°e-cm
= No other violation signhatures observed

A new broken U(1) axial symmetry can cancel CP

R Cluster MACS J0025.4-1222

B Credit to NASA, ESA, CXC,

V|O|at| Ona M. Bradac, and S. Allen
= Adding dynamics gives the axionb¢ _ _
 Simultaneously have mounting evidence of mIiSSing IR -

element in gravitational physics
* Points towards missing mass

* Alight (invisible) axion can solve this problem too

aR Peccei and H Quinn, 1977, Phys. Rev. Lett. 38, 1440
& bS Weinberg, 1978, Phys. Rev. Lett. 40, 223

°F Wilczek, 1978, Phys. Rev. Lett.40, 279 Credit to van Albada et al 1985

20
Radius (kpe)
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* Axion dark matter is produced
athermally
= Misalignment mechanism
= String/domain-wall/defect decay

* In either case, produced axions are
abundant and cold enough to be
some or most of the DM

* The small axion mass leads to high
degeneracy “wave-like” DM

= Locally, ngg= 102%(m_,/pueV)*

= 14 = 104m(m,/ueV)

" T 45 = 10-3s(m_/ueV)
Detalls of cosmology are written in
the axion DM state

TPQ = 7_h ot TPQ = Th ot

Topological defects

Harmonic motion

Nonlinear dynamics

0
Axion field, 0

Chadha-Day, Ellis, Marsh 2022, Sci. Adv, https://doi.org/10.1126/sciadv.abj3618

Image Credit: C. Adams, et al., 2022, arXiv::2203.14923


https://arxiv.org/abs/2203.14923
https://doi.org/10.1126/sciadv.abj3618

https://github.com/cajohare/AxionLimits
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\?{ Detecting QCD Axions
Pacific : : 109 cast ISR “
Northwest  \yith a Cavity Haloscope =.. Secu. ol ...
Coupling to Coupling to Axial Coupling to Coupling to Axial ~ 1071 4 ‘ 1: Ay <
Photons Nuclear Moment Nucleon EDM Electron Moment 8 1012 S
1 ~ - ‘ B ) = 10-13
L= _Zga‘y'yan.VF‘w - %gdaNU;wVSNFm/ a3 gaNN(du)N'Y“'YFSN + gaec(a/,t)e'yu"/.’ie 18:10*14
590 10-1°
* The QCD axion can interact with o
Standard Model fields via

several non-gravitational e e o o 5
couplings m, [eV]

+ Invisible axion PQ and mass Cavity Haloscope Concept

Amplify

scales only lightly constrained, ; d !

leaving a broad parameter Py Ponerspeciim e
» Concepts to test for the invisible - W J\\WW

axion started with Pierre Sikive

Frequency

19832

 ADMX has favored the cavity
€ haloscope to detect DM axions

Unknown axion mass |
i requires a tunable resonator |

B- Field

Image Credit: Christian Boutan


https://github.com/cajohare/AxionLimits

Credit: Ciran O’hare Frequency [MHz]
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Pacific :
Northwest  Cavity Haloscope ELOE -
(o) ) = 25 G2V 1B o (o) (T2 ) g e A
-oxoew () () (555) (53) o) (@om) (eali) =00 ‘
« ADMX is aiming to find DFSZ axions n
at nominal dark matter densities 1073 o = 045 Go e

* Run 1 spans 645-1400MHz (2.68- e T1es T o

5.81ueV)
 Magnet == = -
= BmaX:8.5TES|a = X 12-50 K
Dbore:6OC m = Field-Free Region |
o Quantum Amplifier
* Single cavity — | Pakase B
= Large volume (V>100L) rredtieny Antennas
. - Synthetic Axion Mixing
- ngh qua“ty (Q~5O’OOO) Generator (SAG) Chamber T ..
= High form factor (C~0.4) S 1
* Dilution refrigerator (T,,,s~100mK) _— 100:250 mi
* Quantum amplifiers Magnet

@ « Synthetic injection testing
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* Run 1 segmented into four parts A-D
= A: 645-680MHz (2017)2
= B: 680-790MHz (2018)P

= C: 790-1025MHz (2020+2022)cd —————
 First haloscope runs to reach DFSZ First-stage Amplifier Updates
. Run 1A 1B+1C
« Updates and upgrades made in A-C MSA (current pumped) JPA (current pumped)
= Cavity @ R |

o 1A+1B: 2 x 5cm OD rods (136L-4L)
o 1C: 2 x 15cm OD rods (136L-30L)
= Amplifier

Geometric capacitance SQuUID Josephson Junction

o 1A: Microstrip SQUID Amplifier (MSA) 1A ~1CPartl |
Axion Mass (peV) Axion Mass (ueV)
i : e 26 28 30 32 34 36 38 40 42 i : , ,
o 1B+1C: Josephson Parametric Amplifiers (JPAS) S R
= Candidate classification
V/m
: 0 ’ o (1 o
| so 4 (' %
Multi-mode |} = 5 ;
A 250 g = =
Ca.n d I d at e [ : e ' | ADMX (this work) ‘ ADMX (2010,
150 ! ' BN N-body ngl)\m l.”j] )
a) Du et al. PRL 120, 151301 (2018) Veto o B LIS ; ; i W, Mixwpin) 10-16 iy | S
b) Braine et al. PRL 124, 101303 (2020) 2" ko 650 700 750 800 850 900 950 1000 780 790 800 810
& ¢) Bartram et al. PRL 127, 261803 (2021) B, Power [Wat(] Frequency (MHz) Frequency (MHz)

d) Goodman et al. PRL 134, 111002 (2025) 89642 89644  896.46 89648
Frequency [MHZ
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* Frequency range: 1.0-1.4GHz
= Part 1: 1.09-1.31GHz
= Part 2: resume Spring 2025

« Cavity w/ single tuning rod
= 20.32cm OD

Part 2 FP JPA

F“requwency (GH2z)

Rc;a Position )

Part 1 Preliminary Limits

Axion Mass (ueV)

10—9 4

CAPP

ORGAN

mm TASEH

10 100
UF mm HAYSTAC QUAX CAST-CAPP B This Work
[ RBF I GrAHal RADES  mm ADMX 2010-2024 [ZA CAST

= \V =136L-29L A 11 IAI I, G Y,
" 10—11 L
« JPA am P lifiers T

J.L.é.;.ﬁj : el |~ L

= Part 1. current pumped ‘ — ~ LR e—
| = 510715 | LR i =l e
= Part 2: flux pumped r &
c%lo*L7 - KsvZ
T B B b |
' ' ' 1075 This Work
a - - a CAPP
EE B e 107 ¢ 1100 1150 1200 1250 1300
10° 10°

Frequency (MHz)

KSVZ
DFSZ
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* Has been running
alongside main ADMX
since 20162abc

* Frequency range: 3-6GHz
» Testbed for technologies

considered for ADMX’s OO ey iy S
next steps up in frequency .,
= Piezo-electric tuning 1010
" TWPAs RUINE ADMX Sidecar 2019
I >~ @)
= Superconducting 3 1071 S z
cavity/rod - z
g_ E/N =44/3 : ‘ -
b‘o .
T o Piezo tuners
o e po = 0.45 GeV cm 3
5 Barram et &l Row. S0, Insrum, 94, 044703 (2023) 2200 22475 2750 23025 23300

& ¢) Braine et al. arXiv: 2408.03444 mgy [neV]



Northwest Run 2 4 Cold Receivers

4 Cavity Array

)

Scaling relations make a single
cavity non-viable much above
1.5GHz

Can make up some of this loss with
a matched array

ADMX Run 2 reach: 1.25-2.25 GHz

= Still using the Run 1 magnet

= 4 cavity array

* Independently amplified & recorded
= \Warm combining via SDR

& Set to begl n u pg rad e I n 202 6 - 7 J Yang et al, 2020, Microwave Cavities and Detectors for Axion Research

pp 53-62, https://doi.org/10.1007/978-3-030-43761-9_7
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ADMX R&D: o
7 Extended Frequency | o

Pacific
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-

YL HAYSTAC

« Extended Frequency Range: 2-4GHz

« Extended Array: 18 cavities

* ‘New’ Magnet:
» B,.,=9.4Tesla
* Dy,e=80Ccm

Model

 Extended recelver:

* Protected from magnet by a mu-metal Fridge 1: RF
shield Receiver

= 18 FP JPAs

Photon

.
Transport

9.4 T MRI

* Ongoing R&D on cavities, antennas,
JPAS

* Feb. 2025: EFR was selected to not
continue as a DMNI project
* Plans may change as we explore

alternatives, including anticipated
® ASTAE program




% Sensitivity Scaling Comparison
5 Comlp(;cgn Frequency [Hﬂ)10 Lot
PaCIfiC A D I\/I X- r eI at e d R& D : gz;eF;Aer/ o m Current HS Limits Dish Aflfte',;'h/a/l-ls
Northwest  \/EBAX amelifier
* The Very Entangled Bose Array £
expenment (VE BAX) W|” © -~ A—— E é(éts%trz%azww
demonstrate a Heisenberg-limited =i,

halOSCOpe al’ray |n 4'6 GHZ Low-loss paSSiV network o 10-° 10~ 10-*

Mass [eV/c?]

* Incorporate multiple technologies
new to cavity haloscopes
* Distributed vacuum squeezing
» Low-loss passive networking
* Topological insulator circulators

 Preliminary device studies T et
Underway at PNNL Topological Circulator

» Selected for support via DOE SC
HEP QuantISED 2.0
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Pacific

Northwest — Summary

« ADMX has entered a discovery phase, enabled by guantum devices to delve
deep to the most promising QCD axion benchmark model

* Projected to complete its first octave in the next 18 months!

« ADMX’s future is highlighted by new mass ranges and emerging technologies:

= Search higher axion masses with multiple-cavity detectors (Gen2-Run2 and EFR)

* [ncorporate new haloscope designs and readout mechanisms to maintain sensitivity to
even higher masses (Sidecar, ORGAN, BREAD, VERA, VEBAX)

Discovery could come at any time!

13
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