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However, this approach may cause confusion regarding
how axion induced fields are described by the modified
equations, as well as confusion as to which boundary con-
ditions must be satisfied, as the axion terms are in fact
source terms more correctly described as oscillating ~P
or ~M fields associated with the vacuum. Thus, to clarify
this situation, in the following, we consider these induced
fields in a variety of common experimental contexts.

DC Solenoid of Infinite Length

The results presented in Eqns. (23) and (25) are es-
sentially that for an infinite length solenoid. In many
cases, this approximation su�ces as the experiment is
embedded in the middle of the constant field region of
the magnet. Detectors within this high DC constant ~B-
field region can detect both electric or magnetic e↵ects
without fear of suppression due to shields. However, out-
side the solenoid (assuming a solenoid of radius R) axion
induced fields must be calculated from the boundary con-
dition between media given by Eqn. (22) at r = R. In
this region (outside the solenoid for r > R) there are no
axion induced magnetizations or polarizations so in mod-
ified axion electrodynamics must be treated as a di↵erent
medium. To match the boundary condition between the
media, a ~B-field must be produced at the boundary given
by

~B�a = �ga��
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@t

1

c

R

2
B0�̂ (r = R). (28)

Outside the solenoid, the solution is very similar to an
infinite current carrying conductor, but with a total cur-
rent of ~Ia = ~Ja ⇥ ⇡R2, with an oscillating magnetic field
produced, which can be calculated using the integral form
of Eqn. (10):

~B�a(r) = �ga��
@a

@t

1

c

R2

2r
B0�̂ (r > R), (29)

where ~B-field induces an oscillating electric field, Ea out-
side the solenoid (r > R), which may be calculated
from the integral form of Faraday’s law by substituting
Eqn. (29) into Eqn. (12), and is proportional to @2a

@t2 and
thus at low frequencies, suppressed by the axion Comp-
ton frequency. This is a similar situation to the ABRA-
CADABRA experiment [34] (suppression of ~E-field out-
side the solenoid by Compton frequency), which uses a
toroidal structure, and senses the ~B-field in the centre of
the toroid, with a solution similar to a conducting loop
antenna rather than an infinite conducting wire.
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FIG. 1: A sketch of a finite solenoid, showing the the
static magnetic field (green) and the axion-induced

fields (blue and red).

DC Solenoid of Finite Length

Finite length solenoid with no field cancellation

In reality, a solenoid is finite in extent and in the case
that it is a wound coil, with no field cancellation regions
above or below the central region, the magnetic field will
resemble a magnetic dipole and there will be, in principle,
DC ~B-field everywhere, as shown in Fig. 1. The net e↵ect
is that an axion induced oscillating ~Pa-field and ~Ma-field
is produced everywhere, and with a similar form to an
electric-dipole antenna. For this case, the inside of the
solenoid can be utilized in the same way as the infinite
length solenoid to detect both electric and magnetic ef-
fects. Outside the solenoid, the oscillating near ~Ma-field
is suppressed by the Compton frequency compared to the
oscillating ~Pa-field, in a similar way to a Hertzian con-
ducting dipole antenna when comparing the electric, ~E,
and magnetic, ~B, near-fields outside the equivalent con-
ducting antenna.

Finite solenoid with field cancellation

High field solenoidal magnets are often designed with
field cancellation above (and sometimes below) the high
field region. An idealised case of this is shown in Fig. 2,
and in reality the cancellation will not be abrupt, but
will be somewhere between the cases shown in Fig. 1 and
Fig. 2.
For the idealized case, we must treat inside and out-

side the coil as di↵erent media and match boundary con-
ditions on the top, bottom and sides of the DC ~B-field
region. On top we use the boundary condition given by
Eqn. (21) and on the sides by Eqn. (22). In both cases in
the media where no axion conversion occurs (ie outside


