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(1) lon sputtering with lo’s surface(Moon & Mercury)
(2) SO2 sublimation, (3) Volcanic support
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l0's volcanoes lo's volcanic plumes obtained by
the New Horizons spacecraft.

lo's atmosphere / ionosphere

Jupiter's inner magnetosphere
(lo plasma torus)

Inner/outer magnetosphere

lo plasma torus f—"ll{flll;h jons
- C3v [31°F [ ] b |

An image of [SH] 673.1 nm emission from 1o plasma
torus (Schneider and Trauger, 1995).
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Earth & Jupiter (Kivelson 2005) Radial distribution of plasma pressure

EERDERE T, REDTSXTREINEIL in the Jovian magnetosphere observed
LB, BESBICED K SLEEEZRIZTHI? by Galileo (Mauk et al. 2004)
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Observation of aurora and plasma torus.

- Wavelength range:55-145nm (A=0.4-1.0nm)
- Launch : Sep 14, 2013 - Field of view (along slit) : 360 arc-sec

.
-
. .

- Orbit:950km X 1150km (LEO) - Spatial resolution : 17 arc-sec
- EUV spectroscope (EXCEED) - Electron temperature/density (T~5eV+100eV)

- lon composition (S, O ions)
Spectrograph of lo plasma torus and Jupiter’s aurora
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HISAKI: lo plasma torus & Oxygen cloud

lo plasma toru - lo plasma torus: lon along 10’s orbit

- Oxygen neutral cloud around lo

§ oo lonization (Ol 1304)
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ST, 0™, 120 ICloud
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-------------------------------- Cold torus: Mautral cloud: 1
Ne~1000 cm-3 §02,80,0,8,Na| ™.
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atmosphere [
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lo's volcanoes
SO, frost
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[2] 4 NaZE (Sodium Nebula)
Na*

v~74km/s
Corona

—-Cloud
@plasma torqu
NaCl+
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v~74km/s -
Gonosphere)
—
atmosphere
NaCl gas
D-line emissions of sodium cloud/nebula lo’s volcanoes
(Bottom) (Wilson et al., 2002).

NaClt + e=—> Na* +Cl|*
» Stream & Nebula



NaCl on lo is observed only around active volcanic plumes.
(Lellouche et al. 2003, Moses et al. 2003)

=» Sublimation temperature of NaClis ~ 1,500 K.
=» Increase in sodium emissions indicates event
accompanied with volcanic plumes on lo.

Volcanic plume on lo
captured by the New
Horizons spacecraft
(JPL/NASA).
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Volcanism v.s.
Sodium brightness

Mendillo et al. (2004) found a
positive correlation between
brightness of the sodium nebula
and lo's volcanic activity.

Sodium Nebula vs. IR
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D-line brightness in the sodium Summary of Jupiter's sodium
nebula v.s. infrared brightness of nebula and lo's volcanic activity
lo ( Mendillo et al., 2004 ). analysis for the period 1990-1998.

( Mendillo et al., 2004 )
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Observations

Period: Oct 2013 — Apr 2016
(covering the whole HISAKI
observation campaign.)

Site: Haleakala High Altitude Observatory
Maui, Hawaii
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A filter imager used for observations

of Jupiter's sodium nebula.

Instrument: A 10-cm refractor.
with narrow band filters

12"38™UT November 24, 2013
100
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Distance from Jupiter (Ry)

An image of sodium
nebula taken in 2013.

D1 + D2 brightness (Rayleighs)
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Observation results
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de Kleer et al. (2015)
de Peter et al. (2016)
de Kleer & de Peter (2016)

3.8 um THO A A &5l

Keck-1l, Gemini-N
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Fig. 12. IR 3.8 um images of lo by de Kleer + 2016.
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Na [ZE IS8 . plumeBTIZENSF-D =55,

Plume BULUSHMZIFX EAZNILA ?
(1) Lava lake : j&8 &= iif

(2) Lava flow : jAa &=

Geological features
created by volcanism
captured by the
Galileo spacecraft.
(Milazzo et al., 2005).
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lo plasma torus total brightness
(Plasma content in the inner magnetosphere)
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Loss  :Transport (Contrary to Brown and Boushez [1997])
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- Systematic displacement of emission peak: no evidence



- l0’s volcanic active period ~ increasing plasma supply

- DOY 25-90 : Enhanced plasma transport from inner to middle magnetosphere (8.0-8.5RJ)
(1) DOY 25-40 : No short-lived brightening aurora and the plasma torus
(2) DOY 40-90 : Series of short-lived aurora brightening + plasma torus brightening

(Yoshikawa et al. 2016)

- DOY 90-110 : No plasma torus brightening + Short-lived aurora brightening

Sodium active period
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Transient brightening in
lo plasma torus: Hot

— electron injection into the
inner magnetosphere
(Yoshikawa et al. 2016)

Enhanced plasma supply
from inner to middle
magnetospheres

Aurora brightening:
Transient energy
release in the middle
magnetosphere



Interpretation

(3) DOY 40-90 (Sodium active period)

Auror
. ltl 0 f;_ i Energy release
intensification

ensiticatio > process

(1) Before DOY 20

Steady state plasma supply from inner to
middle magnetosphere
Increased outward plasma transport, transient

(2) DOY 20-40 (Sodium active period) energy release in the middle/outer magnetosphere,
and subsequent energy injection into the inner

magnetosphere.

(4) DOY 90-110

.Auror.z; . Energy release
intensification process

Increased outward plasma transport

Termination of the enhanced plasma transport.
Transient energy release still active for ~20 days



Summary
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