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Abstract

In this paper we provide the first consideration of
magnetosphere-ionosphere (M-I) coupling at Jupiter-
like exoplanets with internal plasma sources such as
volcanic moons. We estimate the radio power emit-
ted by such systems under the condition of near-rigid
corotation throughout the closed magnetosphere, in
order to examine the behaviour of the best candi-
dates for detection with next generation radio tele-
scopes. We thus estimate for different stellar X-
ray-UV (XUV) luminosity cases the orbital distances
within which the ionospheric Pedersen conductance
would be high enough to maintain near-rigid coro-
tation, and we then consider the magnitudes of the
large-scale magnetosphere-ionosphere currents flow-
ing within the systems, and the resulting radio powers,
at such distances. We also examine the effects of two
key system parameters, i.e. the planetary angular ve-
locity and the plasma mass outflow rate from sources
internal to the magnetosphere. In all XUV luminosity
cases studied, a significant number of parameter com-
binations within an order of magnitude of the jovian
values are capable of producing emissions observable
beyond 1 pc, in most cases requiring exoplanets or-
biting at distances between∼1 and 50 AU, and for
the higher XUV luminosity cases these observable dis-
tances can reach beyond∼50 pc for massive, rapidly
rotating planets. The implication of these results is that
the best candidates for detection of such internally-
generated radio emissions are rapidly rotating Jupiter-
like exoplanets orbiting stars with high XUV luminos-
ity at orbital distances beyond∼1 AU, and searching
for such emissions may offer a new method of detec-
tion of more distant-orbiting exoplanets.

1. Introduction

In recent years hundreds of exoplanets have been
discovered, many of which have mass greater than

or equal to that of Jupiter and orbital semi-major
axes of< 0.1 AU, although a significant fraction of
planets with Jupiter’s mass or greater have been ob-
served with semi-major axes≥ 1 AU. The possi-
bility of detection of the auroral radio emissions of
‘hot Jupiter’-like exoplanets generated by star-planet
interactions has been considered by a number of au-
thors, and it has been concluded that such interaction
may generate emissions at or above the LOFAR de-
tection threshold [1, 2, 3]. However, despite the im-
portance placed on star-planet interactions, significant
components of Jupiter’s radio emissions are thought
to be generated by the large-scale M-I coupling cur-
rent system associated with the breakdown of corota-
tion of iogenic plasma in Jupiter’s middle magneto-
sphere. This process generates intense field-aligned
electron beams which drive the brightest and most sig-
nificant of Jupiter’s UV auroras and associated radio
emissions.

In this paper we consider the application of the
model describing Jupiter’s M-I coupling current sys-
tem to Jupiter-like exoplanets with internal plasma
sources such as active moons. We begin from the as-
sumption that Jupiter-like exoplanets are strongly illu-
minated by their parent star, such that the ionospheric
Pedersen conductance is high enough to maintain
near-rigid corotation throughout the magnetosphere, a
condition which maximises the field-aligned current
density for a given magnetosphere. We then compute
the currents, and thus the resulting radio power out-
put, for varying configurations of Jupiter-like exoplan-
ets. The parameters examined are the plasma mass
outflow rate, planetary orbital distance, and rotation
rate. We show that, for planets with host stars more
active than the Sun, only relatively modest modifica-
tions from the jovian system parameters are required to
produce potentially-detectable configurations, and by
doing so we open up the catalogue of potential candi-
dates for detection by radio telescopes such as LOFAR
to a class of planet previously overlooked.
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2. Results
Results are shown in Fig. 1 for the four different
XUV luminosity cases. The colour indicates the max-
imum radio power available for each pair of param-
eter values and the black contours show the maxi-
mum observable distances of sources emitting such ra-
dio powers, assuming a spectral flux density thresh-
old of 1 mJy. The white contours indicate the or-
bital distances at which these powers are available,
which we note increase with decreasingṀ and, to a
lesser extent with increasingΩp. This plot shows that
the radio power is essentially independent ofṀ , in-
creases withΩJ , and increases with stellar XUV lu-
minosity. Thus, for stars with solar XUV luminosity,
planets with(Ωp/ΩJ ) ∼ 5 are required to produce
radio emissions detectable from beyond∼10 pc, but
this is reduced to e.g.(Ωp/ΩJ ) ≃ 2 for stars with
(LXUV ⋆/LXUV ⊙) = 1000 and(Ṁ/ṀJ ) ≃ 2. In
all XUV luminosity cases, a significant number of pa-
rameter combinations within an order of magnitude of
the jovian values are capable of producing emissions
observable beyond 1 pc, in most cases requiring exo-
planets orbiting at distances between∼1 and 50 AU.
For the two higher XUV luminosity cases, parameter
combinations within an order of magnitude of Jupiter’s
could generate emissions detectable beyond∼50 pc.

3. Summary and Conclusions
The key results of the study can be summarised as
follows. The radio power emitted increases with
increasing system size, and thus increases with or-
bital distance within the limit of validity of the high-
conductance approximation. The limiting orbital dis-
tance, which defines the maximum radio power avail-
able for a given set of system parameters, increases
with stellar XUV luminosity and planetary rotation
rate, and decreases with magnetospheric plasma mass
outflow rate. The overall effect is that the radio power
emitted increases with planetary rotation rate, but is
essentially independent of plasma mass outflow rate
since the higher powers available at a given orbital
distance for increased plasma mass outflow rate are
compensated for by a decrease in the maximum or-
bital distance to which the high-conductance approxi-
mation is valid. In all XUV luminosity cases studied, a
significant number of parameter combinations within
an order of magnitude of the jovian values are capa-
ble of producing emissions observable beyond 1 pc, in
most cases requiring exoplanets orbiting at distances
between∼1 and 50 AU. For the higher XUV lumi-

Figure 1: Coloured plots indicating the maxi-
mum radio powersPr available using different pairs
of system parametersṀ and Ωp for, in pan-
els (a)-(d) respectively, the XUV luminosity cases
(LXUV ⋆/LXUV ⊙) = 1,10,100, and 1000. Also
shown by the black contours are the maximum dis-
tancess in pc at which sources of these powers are
observable, assuming a detection threshold of 1 mJy,
and the white contours show the orbital distancesR∗

orb

in AU at which these maximum powers are available.

nosity cases the observable distances for jovian mass
planets can reach∼20 pc, and massive, rapidly rotat-
ing planets could be detectable beyond∼50 pc.
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