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: resonator frequency

: axion quality factor

: resonator quality factor

: pickup coupling

: peak magnetic field

: pickup volume

: system effective temperature

: amplifier noise

axion physics detector
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LC resonator

DAQ

Pickup 
inductor

Tunable 
capacitor
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read out
SQUID current sensor

DAQ

SQUID 
current sensor
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Backgrounds
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Digitizer voltage → gaγγ

Backgrounds

See talk by Jessica Fry
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Backgrounds

Digitizer voltage → gaγγ

? Fit signal
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Salemi et al. Phys.Rev.Lett. 2021
Ouellet, Salemi et al. Phys.Rev.Lett. 2019
Ouellet, Salemi et al. Phys.Rev.D 2019

C. O’Hare
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Salemi et al. Phys.Rev.Lett. 2021
Ouellet, Salemi et al. Phys.Rev.Lett. 2019
Ouellet, Salemi et al. Phys.Rev.D 2019

C. O’Hare
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GOALS
• ALP search over wide mass range
• Demo of LC resonator and cryomechanical scale-up
• Testbed for new, low-frequency quantum sensors 

for DMRadio-GUT
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Dual cryogenic system
(Four Nine Design and Maria Simanovskaia)

“Cold snout” fridge interface
(Aya Keller)

Magnet cooling time
(Alex Droster)

Temp (K)
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Materials testing for gasket
(Nicholas Rapidis)

Sheath design
(Nicholas Rapidis)

Normally conducting gasket

Sheath gap covers
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Magnet strap design and 
spring testing

(Jessica Fry)

0 lb 40 lb 80 lb

Magnet winding
(Superconducting Systems, Inc.)
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Magnet support legs
(Johny Echevers)

Magnet cradle bracket

Electrically insulating section

Shear walls for 
earthquake protection
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Dilution fridge testing of 
prototype capacitor
(Joe Singh)

Prototype inductor
(Roman Kolevatov and 
Saptarshi Chaudhuri)

Resonator Q testing
(Roman Kolevatov and 
Saptarshi Chaudhuri)

Prototype Q = 374,000 @ 300kHz!
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GOALS
• DFSZ axion search 30 - 200 MHz (120 – 800 neV)
• Secondary science: KSVZ 10 – 30 MHz (41 – 120 neV)

Brouwer et al. Phys.Rev.D, 2022a
Benabou et al. Phys.Rev.D, 2023
AlShirawi et al. arxiv:2302.14084, 2023

See talk by Nicholas Rapidis



DMRadio-50L

DMRadio-m
3

10°11 10°10 10°9 10°8 10°7 10°6 10°5

ma [eV]

10°21

10°18

10°15

10°12

10°9
g a

∞
∞

[G
eV

°
1 ]

CASTSHAFT

DMRadio-GUT

QCD Axion Models

C
av

it
y

H
al

os
co

pe
sABRACADABRA

103 104 105 106 107 108 109
∫a [Hz]

C. Salemi  34

GOALS
• Definitive QCD axion search 100 kHz - 

30 MHz (0.4  - 120 neV)
• Platform for new technologies in 

magnets and quantum sensing

Brouwer et al. Phys.Rev.D, 2022b
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50 L volume, 1T field

optimized axion-detector coupling
with pickup sheath

h

ba
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improve SNRimprove bandwidth
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SNR SNR

SNR
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SNR

SNR

SNR

SNR
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Foster, Rodd, Safdi 2018



C. Salemi  44



C. Salemi  45

ma~neV, “GUT-scale”
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40 K

2.5 K

800 mK

300 mK

100 mK

300 K

ABRA-
10 CM

Kevlar thread

Copper 
thermalization 
tape
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Accelerometer 
loses sensitivity 
above a few kHz
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Axion effective current 
distributed in magnetic field

Axion magnetic field 
oscillates in toroid bore

Current induced in pickup

Current propagates 
through wiring


