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GAS GIANT PLANETS

Jupiter’s magnetosphere and aurorae
observed by the Juno spacecraft
during its first polar orbits
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The Juno spacecraft acquired direct observations of the jovian magnetosphere and auroral
emissions from a vantage point above the poles. Juno ’s capture orbit spanned the jovian
magnetosphere from bow shock to the planet, providing magnetic field, charged particle,
and wave phenomena context for Juno ’s passage over the poles and traverse of Jupiter ’s
hazardous inner radiation belts. Juno ’s energetic particle and plasma detectors measured
electrons precipitating in the polar regions, exciting intense aurorae, observed
simultaneously by the ultraviolet and infrared imaging spectrographs. Juno transited
beneath the most intense parts of the radiation belts, passed about 4000 kilometers
above the cloud tops at closest approach, well inside the jovian rings, and recorded the
electrical signatures of high-velocity impacts with small particles as it traversed the equator.

T
he Juno Mission serves two principal sci-
ence objectives. The first is to understand
the origin and evolution of Jupiter, inform-
ing the formation of our solar system and
planetary systems around other stars. Ser-

vicing this objective, Juno’s measurements of grav-
ity, magnetic fields, and atmospheric composition
and circulation probe deep inside Jupiter to
constrain its interior structure and composition
(1). The second objective takes advantage of Juno’s
close-in polar orbits to explore Jupiter’s polar
magnetosphere and intense aurorae (2). From a
vantage point above the poles, Juno’s fields and
particles instrumentation gather direct in situ ob-
servations of the particle populations exciting the
aurora, which are imaged simultaneously by
Juno’s ultraviolet (UV) and infrared (IR) imaging
spectrographs.

Juno’s payload includes a suite of fields and
particle instruments for in situ sampling of Jupiter ’s
environment. Juno’s magnetometer investigation
(MAG) consists of a pairof vector fluxgate mag-
netometers and proximatestar cameras for accu-

rate mapping of the planetary magnetic field (3).
The Jupiter Energetic Particle Detector Instrument
(JEDI) measures electrons in the energy range
from 30 to 800 keV and ions from 10 keV to
>1 MeV (4), whereas the Jovian Auroral Distribu-
tions Experiment (JADE) measures electrons
with energies of 0.1 to 100 keV and ions from 5 to
50 keV (5). Jovian radio and plasma waves are

recorded with the Waves Instrument (Waves)
which covers the spectrum from 50 Hz to >40 MHz
(see the supplementary materials). Remote obser-
vations of the aurora are acquired by a long-slit
ultraviolet spectrograph (UVS) counting individ-
ual UV photons (6) with wavelengths between 68
and 210 nm and the Jupiter Infrared Auroral Map-
per (JIRAM), which performs imagery and spec-
trometry over a range (2 to 5mm) of infrared
wavelengths (7).

Jupiter ’s magnetosphere

Jupiter’s dynamo generates the most intense
planetary magnetic field in the solar system, with
a dipole moment ~20,000 times that of Earth
and surface field magnitudes (1 bar level; fluid
planets use a pressure level for reference) about
20 times greater than Earth’s (8). The supersonic
solar wind is slowed well upstream of Jupiter,
forming a bow shock (BS) where the ionized solar
wind is abruptly decelerated and heated by the
obstruction created by Jupiter’s magnetic field.
Downstream of the shock lies a region of tur-
bulent flow called the magnetosheath, separated
from the region within (the magnetosphere) by
the magnetopause (MP). Throughout the mag-
netosphere, charged particle motion is guided by
the magnetic fields originating within Jupiter ’s
interior and, to a lesser extent, currents distrib-
uted throughout the magnetosphere.

Juno encountered the jovian BS just once
[24 June 2016, day of year (DOY) 176], at a
radial distance of 128RJ (jovian radii, 1 RJ =
71,492 km), on initial approach to Jupiter (see the
supplementary materials). Multiple MP crossings
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