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The mass of axion dark matter is only weakly bounded by cosmological observations, necessitating
a variety of detection techniques over several orders of magnitude of mass ranges. Axions haloscopes
based on resonant cavities have become the current standard to search for dark matter axions. Such
structures are inherently narrowband and for low masses the volume of the required cavity becomes
prohibitively large. Broadband low-mass detectors have already been proposed using inductive mag-
netometer sensors and a gapped toroidal solenoid magnet. In this work we propose an alternative,
which uses electric sensors in a conventional solenoidal magnet aligned in the laboratory z-axis, as
implemented in standard haloscope experiments. In the presence of the DC magnetic field, the in-
verse Primako↵ e↵ect causes a time varying electric vacuum polarization (or displacement current)
in the z-direction to oscillate at the axion Compton frequency. We propose non-resonant techniques
to detect this oscillating polarization by implementing a capacitive sensor or an electric dipole an-
tenna coupled to a low noise amplifier. We present the theoretical foundation for this proposal, and
the first experimental results. Preliminary results constrain ga�� >⇠ 2.35 ⇥ 10�12 GeV�1 in the
mass range of 2.08 ⇥ 10�11 to 2.2 ⇥ 10�11 eV, and demonstrate potential sensitivity to axion-like
dark matter with masses in the range of 10�12 to 10�8 eV.

For decades numerous cosmological observations have
suggested the presence of a large amount of excess mat-
ter in the universe of unknown composition [1, 2]. The
lack of direct observation suggests the matter is only very
weakly interacting with standard model particles - it is
known as “dark” matter. Many types of new particles
have been proposed to account for the dark matter, over a
vast mass range (sub-eV to GeV). Consequently we need
a large number of experiments at various mass scales.
Recent cosmological evidence combined with the null re-
sults of many experiments [3–5] has seen a resurgence
of precision low-mass experiments. This work focuses on
low mass axions or axion like particles (ALPs), which are
hypothetical neutral, spin zero bosons often proposed to
solve the strong charge-parity problem in QCD[6–8]. Ax-
ions and ALPs can be formulated as dark matter [9], and
if this is true they should be abundant in the laboratory
frame on earth, and thus detectable. The most often ex-
plored ALP to standard model coupling is via the inverse
Primako↵ e↵ect. In this coupling an axion interacts with
a photon (usually a virtual photon supplied by a DC
magnetic field) and converts into a second real photon
such that;

h̄!a ⇡ mac
2 +

1

2
mav

2
a,

where ma is the mass of the axion, !a is the frequency
of the generated real photon, h̄ is the reduced Planck’s
constant, c is the speed of light, and va is the velocity
of the axion with respect to the laboratory frame, the
distribution of axion velocities with respect to earth gives
a “line-width” or e↵ective quality-factor for the axion
signal of approximately 106 [10, 11].

The strength of this axion-photon interaction, and the

mass of the axion are given by,
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Here z is the ratio of up and down quark masses, mu
md

⇡
0.56, f⇡ is the pion decay constant ⇡ 93 MeV, m⇡ is
the neutral pion mass ⇡ 135 MeV, g� is an axion-model
dependent parameter of order 1, and ↵ is the fine struc-
ture constant [12–16]. Confounding experimental ef-
forts to detect axions via this coupling is the fact that
fa, the Peccei-Quinn Symmetry Breaking Scale, is un-
known, and hence both the mass and strength of axion-
photon coupling are unknown. This means that the pho-
ton frequency and amplitude of any axion induced sig-
nals are unknown, although we do have some broad lim-
its from cosmological observations and previous experi-
ments [17, 18]. There have also been theoretical predic-
tions for axions over some specific mass ranges, but still
includes broad range of masses [19, 20].
Most experiments that exploit the Primako↵ e↵ect rely

on a tunable resonant structure designed to detect pho-
tons generated by axion conversion [10, 21–35]. The spe-
cific design depends heavily on the axion mass range,
but most dark matter axion detection experiments op-
erate in the radio frequency, microwave and millimeter-
wave regimes. These experiments are inherently narrow-
band, which is a limitation, as the axion mass and there-
fore the corresponding photon frequency is unknown.
More recently ABRACADABRA was proposed, which is
partly a broadband low-mass particle haloscope [36] de-
signed to detect the photons generated by low mass, pre-
inflationary dark matter axions. This experiment uses
a solenoid magnet of gapped toroidal geometry and via
the inverse Primako↵ e↵ect produces an oscillating mag-


