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Questions

How will DMRadio-50L achieve search for axions
in a new parameter space? How will the ex-
periment achieve broadband tuning at low axion
masses?

DMRadio-50L

Experimental Overview

Figure 1: CAD model of the DMRadio-50L experiment. Some
key features are the horizontal dilution refrigerator, the cold
snout, toroidal magnet, and hutch, which will house the tunable
capacitor.
Axion Dark Matter can be detected in the lab via the
inverse Primakoff effect: the conversion of an axion
into a photon in the presence of an external magnetic
field [1]. The electromagnetic signal can be detected
within a tunable LC circuit, with enhancement occur-
ring when the resonant frequency matches the rest-
mass frequency. The signal can be modeled as arising
from an effective current density

Jeff = gaγγ

√√√√√2ρDM cos(mat)B (1)

Axion-Photon Coupling in DMRadio-50L

Figure 2: Axion pickup scheme in DMRadio-50L. a) A supercon-
ducting sheath surrounds a high-strength DC toroidal magnet.
The DC magnetic field (orange) generates an AC axionic current
(blue) with a frequency set by the axion mass. b) The axionic
current creates an AC magnetic field (green) as per the Maxwell-
Ampere Law. c) The sheath induces the surface AC current (red)
to expel the axionic magnetic field. d) The screening current is
picked up with a SQUID. Resonant enhancement occurs by using
an LC circuit (not shown). Figure courtesy of Dr. Dale Li.

Experimental Quality Factor of a Fixed LC Circuit
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Figure 3: Top left: Image of the fixed parallel plate capacitor of ≈ 10 cm radius and
500 µm vacuum gap. Bottom left: Image of the inductor coil with NbTi wire of ∼100
turns around sapphire rods with inductance ≈ 750 µH. Right: The temperature
dependence of the quality factor when the record value of Q ≈ 1,700,000 at f0 ≈ 255
kHz was measured (blue).[2]

The various injection and output impedance values are used to measure specific resistances within the RLC
circuit. The quality factor reads as follows:

Ql = ω0L

Rl
, (2)

where ω0 = 2πf0 is the resonance frequency. In this cooldown, f0 = 254 kHz, Rl corresponds to loaded Ql
quality factor and includes losses from injection and transformer impedance.

Main points

• DMRadio-50L will scan for 20 peV to 20 neV axion masses (5 kHz to 5 MHz) and has already
demonstrated capability of high Q (> 106) within this parameter space for resonant axion searches.

• Tunable capacitors and different inductors allow for a tunable LC circuit across large frequency ranges.

Example Frequency Scan
.

Figure 4: The resonant frequency of the LC circuit with N+1
(13) total plates as every other internal (rotary) plate is rotated
about the center axis by an angle, θ in degrees. All circular
plates have a fraction removed, α, given by the color bar. Be-
ginning with the plates in perfect alignment (θ = 0) the rotor
plates are moved until there is no longer a change in capacitance
with θ. In this system, N (12) gives the total number of effec-
tive parallel plate capacitors within the stack of parallel plates.
Scaling the inductance from the fixed plate resonator, we assume
an inductance value of 10 mH. The maximum available tuning
range with this setup is 80 kHz, from 50 to 130 kHz. Simula-
tion (dotted) accounts for fringe fields between the capacitors,
which increases capacitance, and explains the lower frequency
values, while maintaining agreement with the simplified predic-
tions (solid).

Tunable Capacitor Simulations

Figure 5: COMSOL Simulation of an example tunable capacitor
with α≈ 0.1 and the plates fully aligned (θ = 0). The color bar
represents relative electric potential strength.
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