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capacitor, given by Eqn. (31). However it is non-zero
outside the capacitor as the DC electric field is non-zero
and takes the form of a dipole. Since inside the capacitor
~Mza has no spatial dependence (as ~E is uniform), the po-
larization field is zero. In contrast, outside the capacitor
the DC ~E-field takes the form of a dipole field, so an os-
cillating polarization will be produced due to the spatial
dependence of the induced ~Ma field. The oscillating vac-
uum polarization is related to the vacuum bound current
linked to the oscillating axion induced magnetic dipole
as shown in Fig. 3. Note, Jb�a, and hence P�a, exists
outside the capacitor as a bound loop current induced
by an oscillating vacuum polarization, with the following
relation derived from the modified Ampere’s law:

Jb�a�̂ = �~r⇥ ~Ma =
@P�a

@t
�̂. (33)

Because the axion scalar field is approximated to have
no spatial dependence, the curl of the magnetization de-
pends on the DC E-field spatial dependence and will be
given by

~r⇥ ~Ma = �ga��

r
✏0
µ0

a(t)~r⇥ ~E(r, z). (34)

A schematic of the axion induced fields is shown in Fig. 3.

LOW-MASS DETECTION SCHEMES WITH DC
FIELDS

In this section we discuss some schemes sensitive
to low-mass axions when applying DC fields. Several
schemes have already been proposed utilizing DC mag-
netic fields. An example of such a proposal is an induc-
tive loop inside a solenoidal magnet, which is employed
to detect the ~M�a field given by Eqn. (25) [27] over the
mass range 10�9 � 10�7 eV. The ABRACADABRA ex-
periment is another such proposal, which is designed to
detect the induced axion ~Ba-field produced outside the
high DC ~B field region of a toroidal solenoid magnet (as
discussed previously, see Eqn. (29)) [34] over the mass
range 10�14 � 10�6 eV. Another example of a low mass
detector, the BEAST experiment, detects the electric po-
larization, ~Pa given by Eqn. (23) using electric field sens-
ing such as a capacitor or a Hertzian dipole antenna[42]
over the mass range 10�12 � 10�8 eV.
The above experiments are sensitive to voltages and

currents induced by the axion in the proposed read out
circuits. These oscillating currents can be detected us-
ing low noise receivers, which would typically utilize
low noise Superconducting Quantum Interference De-
vices (SQUIDs), or voltage amplifiers.
On the other hand, there has not been much consid-

eration of possible experiments that utilize DC electric
fields. This is mainly because it is widely regarded as a

less sensitive technique compared to applying a DC mag-
netic field for resonant haloscope experiments. However,
for completeness, we consider the DC electric field ana-
logue for low-mass broadband experiments.

Inductor in a DC Electric field

A sensitive low-mass axion experiment could be con-
figured by placing an inductive magnetic sensor inside
a DC electric field, with the ~E-field orientated in the
laboratory z-direction and of the form ~E = E0ẑ. This
DC field will induce an oscillating magnetization Maz =

�ga��
q

✏0
µ0
aE0ẑ (as per Eqn. (31), which could be read

out with an inductive coil or loop. Assuming a coil/loop
of vector area ~A, orientated in the same direction as the
magnetization (to achieve the best sensitivity) the mag-
netic flux induced by an axion through the coil is

�a = �µ0µrAMaz = ga��
µr

c
AaE0. (35)

Assuming L is the inductance of a coil or loop, and N
is the number of turns, the current induced by the axion
will be given by

ia =
N�

L
= ga��

µr

c

AN

L
aE0. (36)

The voltage across the inductor is given by v(t) =

�Ldi(t)
dt , such that

va = �ga��
µr

c
AN

da

dt
E0. (37)

The voltage induced by the axion is proportional to the
number of turns and the rate of change of flux, and can
be enhanced with a large area, high permeability, or a
large number of turns. Now, taking a = a0 cos(!at) and

a0 =
q

2⇢a

c
h̄
ma

[43], we arrive at

V RMS
a = ga��µrANE0

p
⇢ac. (38)

The current through the inductor depends on the in-
ductance, which varies depending on geometry. For a
solenoid coil of length d and area A, the inductance is

given by L = µ0µrN
2A

d and in this case the rms current
is given by

IRMS
a = ga��

r
✏0
µ0

⇣ c

!a

⌘ d

N
E0

p
⇢ac. (39)

Equations (38) and (39) are the basic expressions for cal-
culating the sensitivity of such an experiment to axions.

CONCLUSION

In this work, we have reformulated axion modified elec-
trodynamics to retain a familiar form to the non-modified


