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Lots of highly motivated parameter
space to cover at low masses!
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Axion E&M

Axion-photon interactions modify Ampere’s Law:

OE da
V xB= E_QQVV(E X Va — EB)
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Axion-photon interactions modify Ampere’s Law:
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Axion E&M

Axion-photon interactions modify Ampere’s Law:

OE
V X B — a—gavfy(E

Jerf = Gayy \/QPDM cos(m,t)B
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Scan rate (our sensitivity FOM)
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axion physics detector

V : resonator frequency Q : resonator quality factor BO : peak magnetic field /l ! : system effective temperature

Qa : axion quality factor CPU : pickup coupling \/ : pickup volume 77 : amplifier noise
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Detector geometry: toroid vs solenoid

ABRA-10cm
DMRadio-5olL
(DMRadio-GUT)

DMRadio-m3
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Schematic of lumped-element detection
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The 5ol detector

Toroidal superconducting magnet
with fixed field, &

© 33 109
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The 5ol detector

Axion dark matter generates parallel
oscillating effective current,

Jef = JayvyV 2;ODM Cos(mat)BO

Axion
effective
current
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The 5ol detector

Axion dark matter generates parallel
oscillating effective current, -+, which
generates an oscillating magnetic field
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The 5ol detector

...inducing currents on the sheath

Sheath H /

L
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The 5ol detector
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The 5ol detector

...inducing currents on the pickup
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The ol detector

...ringing up the LC resonator.

Tunable

capacitor

C.Salemi 17

Pickup

inductor



J‘\/\ '/‘ " ”"”"""

_—— Jl;fililljjil !.!.i..?

n ___.ﬂ-.gtrr %r aary
,,M,_ [T T

W) SIIIIIIIIIIIPY PIVIIPIPs 277

This signal is read out and amplified

using a SQUID current sensor

The 5ol detector
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ABRA-10cm averaged spectrum

— Magnet on
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ABRA-10cm averaged spectrum

Backgrounds —— Magnet on

Frequency (Hz)
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ABRA-10cm averaged spectrum

Backgrounds —— Magnet on
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ABRA-10cm averaged spectrum

Backgrounds —— Magnet on

Fit signal
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No axions found yet!
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No axions found yet!
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DMRadio program
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GUT

Demo of LC resonator and cryomechanical scale-up
Testbed for new, low-frequency quantum sensors

ALP search over wide mass range
for DMRadio




Recent 5oL progress highlights
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Dual cryogenic system
(Four Nine Design and Maria Simanovskaia)

Magnet cooling time
(Alex Droster)
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“Cold snout” fridge interface
(Aya Keller)
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Sheath

Sheath gap covers

|

Normally conducting gasket
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Materials testing for gasket
(Nicholas Rapidis)

Sheath design
(Nicholas Rapidis)
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Magnet winding
(Superconducting Systems, Inc.)

Magnet strap design and
spring testing
(Jessica Fry)
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Structural supports for magnet

Magnet cradle bracket

Electrically insulating section

Shear walls for
earthquake protection

Magnet support legs
(Johny Echevers)
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Resonator

Prototype Q = 374,000 @ 300kHz!
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Dilution fridge testing of Prototype inductor Resonator Q testing
prototype capacitor (Roman Kolevatov and (Roman Kolevatov and
(Joe Singh) Saptarshi Chaudhuri) Saptarshi Chaudhuri)
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See talk by Nicholas Rapidis
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Brouwer et al. Phys.Rev.D, 2022a
G Benabouet al. Phys.Rev.D, 2023
AlShirawi et al. arxiv:2302.14084, 2023

* DFSZ axion search 30 - 200 MHz (120 — 800 neV)
* Secondary science: KSVZ 10 —30 MHz (41— 120 neV)
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DMRadio program—GUT

GOALS
Definitive QCD axion search 100 kHz -

30 MHz (0.4 - 120 neV)
Platform for new technologies in
magnets and quantum sensing C. Salemi 34
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Backup slides



DMRadio-50 L

~_ optimized axion-detector coupling
with pickup sheath
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Noise regimes

—— Amplifier noise limit (SQL)
—— Thermal noise limit, 10 mK
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Improving the bandwidth

SQL, untuned _ SQL, tuned

—— Signal —— Signal
—— Thermal noise —— Thermal noise
Imprecision noise 1 Imprecision noise
- Backaction noise -- Backaction noise

C.Salemi 41




Backaction evasion

Beyond SQL, untuned _ Beyond SQL, tuned

— Signal — Signal

—— Thermal noise - —— Thermal noise
Imprecision noise 1 Imprecision noise

— - Backaction, Q1 . — - Backaction, Q1
Backaction, Q2 ",‘ -+++ Backaction, Q2
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Axion astrophysics?

* Could see substructure within dark matter halo
* Low velocity distribution: sharp, narrow peak
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ABRA run 3 analysis procedure

1. Data cleaning

* Single bin excesses
* Radio signals
* Moving peaks
* Frequency combs e.qg. every 5o Hz

* Transient excesses
* Magnet off excesses

2. Nuisance parameter modification of likelihood
* Tuned with ensemble of observed significance values in clean dataset
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A B RA rU n 1 m,~neV, "GUT-scale”
r

Magnet On Data

— Aug01,2018 18:50:51 - Aug 02,2018 03:44:11 EDT, Nayg = 3200
Magnet Off Data
Aug 17,2018 22:11:59 - Aug 18,2018 07:05:19 EDT, Nayg = 3200

—— ADC Noise (Filter Corrected)
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Frequency (Hz)
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ABRA Vibration Isolation | |

* Suspension system added to
reduce vibrations

* x,y damping with 1.5 m Kevleridiikle
pendulum (~2 Hz resonance /
frequency) Copper

thermalization

* zdamping with spring (~2 Hz tape
resonance frequency) /
/.
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ABRA Vibrational Noise

Accelerometer
loses sensitivity
above a few kHz

elerometer
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* Huge amount of noise below ~10 kHz, strongly correlated with vibration
on the 300K plate

* Had to use a 10kHz high pass filter to get the data to fit in the digitizer
window

* Hard limit on the low end of the search window
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COMSOL simulations

Current induced in pickup

Axion effective current
distributed in magnetic field

Current propagates
through wiring

Axion magnetic field
oscillates in toroid bore
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