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Basic background




My final goal
Universally understand how high energy space
L plasma works at magnetized rotating bodies

stronger B-field, faster rotation, higher energy plasma
Mercury Earth Saturn Jupiter ‘Neutron stars

A

ynthesis of
rganic Exploration
omp. impossible

Titan

High energy plsm at Saturn & Jupiter works as
chemical/physical energy source at ‘habitable’ moons




Planetary parameters

Earth Jupiter Saturn
Spin period 24 9.92 10.56
(hr)
Magnetic 1 20,000 600
moment
(Earth=1)

Plasma source 5 260-1400 12-250

/0. plasma torus

plasma flow
(convection, diffusion, field-aligned acceleration)
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Steady state

Force balance in equatorial magnetosphere
PRAXT+200 X1+ pl X (2 X1r)+V-P=jXx By,

approximately

Cowley and Bunce, 01




Dynamics of Jupiter’s
magnetosphere




Interchange instability

Force balance around the Io
plasma torus

0=jxB-Vp+pg

linear growth rate
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- EQIectromagnetic coupling with planet

Sub-corotating S
magnetosphere | g => ]|

Hill+01 QTD

Figure 1. Topology of the meridional current system that R|g|d|y rotating
delivers angular momentum from Jupiter's atmosphere to its

Angular momentum conservation

magnetosphere. P laneta ry
ionosphere
Ionosphere: Tanaka+02
JxB force by latitudinal current
J,=2E,=-3%v,B =3B R,sinf(w, - w(0)) II
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Force balance in the middle/outer magnetosphere
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Energy hierarchy

e<10MeV " Ee<100 kev Te<500 eV
High latitude Mid and low
aurora latitude aurora etz ellis

(hot tenuous)

<

- _ . \ énergy

2 8  release by
3 | L )econnectlon

e ’ '\ R b "i ‘ f?

~ : |
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Big questions

OHow mass, momentum, and energy
are dynamically transferred in rotating
magnetosphere

O Transfer from planet/moon to m’sphere is
dominant.

oHow about from m’sphere to planet?
O Especially in radial direction?
OHow some plasmas are accelerated up

to 50 MeV by electromagnetic coupling
btw planet and m’sphere?




Transient brightening of Jupiter’s
aurora observed by the Hisaki
satellite and Hubble Space Telescope
during approach phase of the Juno

spacecraft
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Jupiter observing campaign 2016-present

In-situ measurement
(B, particle, wave)
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Hisaki satellite mission

eEarth-orbiting Extreme Ultraviolet (EUV) spectroscopic mission
oFirst mission of the ISAS/JAXA Small scientific satellite series
eObservation targets : Mercury, Venus, Mars, Jupiter, and Saturn

_ o _ photons
Major specifications N
- Launch date : 14th Sep 2013 U

- Weight:330kg

- Size:1mx1mx4m

- Orbit:950kmx1150km (LEOQO)

- Inclination: 31 deg

- Mission life :>1 year

- Pointing accuracy : £2 arcmin
(improved to £5arc-sec
by using a guide camera FOV)

spectro-
meter

slit

guide
camera
(FOV)

EUV spectrometer

“EXCEED” onboard Hisaki
Led by ISAS/JAXA, Univ. of Tokyo, and Tohoku Univ.



Angle of View(arcsec)

Dataset

O EUV spectrometer "EXCEED”

Wavelength range

60 - 145 nm

Spatial resolution (for Jupiter mode)

17" (~1Rj around opposition)

Field of view

360" (~20Rj)

Spectral resolution (FWHM)

~1.0 nm (140" slit)

Effective area

2cm?2 @100nm

O Jupiter observation
O dumbbell-shaped slit placed at northern
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Internally-driven transient aurora

2014—01—04 01:10:40 UT
CML = 197.84

A B

Structure of
transient
aurora
(HST)
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. Interpretation: energetic event

ENERGETIC EVENT
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Magnetic reconnection

low vector of energetic ions force balance in plasma sheet (Vasyliunas+83)
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Problem

. Temporal and spatial evolutions of the
transient aurora and energetic events

were not resolved by previous
observations

. Because of lack of continuous monitoring
that spans duration of transient aurora

Purpose

. Investigate temporal sequence of transient
aurora based on continuous monitoring of
aurora with Hisaki & HST

. Discuss spatio-temporal evolution of
energetic event
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Overview

Emitted Power of
Northern aurora
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Observation result

(a) Residual aurora at 900- 1480 Angstrom
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1500 Solar wind shock
1000 arrival at Jupiter

Total power (GW)

(f3/2016-05-21 (DoY-142)

(b)72016-05-19 (DoY-140).....(c)/2016-05-21 (DoY-142) -05- (e)/2016-05-21 (DoY142)
: 2210737

43:()).. 02117742 35 4 55; 119:36:())

Quiet level Onset Onset Onset Post-declining
Kimura+17

1. Aurora at higher latitude brighten
2. Aurora at lower latitude followed



What auroral latitude means?

Higher latitudes map to
magnetospheric
regions far from Jupiter

Lower latitudes map to

MagnetospheriC gt
regions close to Jupiter




What auroral latitude means?

3 el \@ Accelerated ions and electrons
\ originating magnetosphere

X precipitate into Jupiter’s atmosphere
V. along magnetic field line

(C) J. Clarke, Boston U.
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aroral - 1Temporal sequenceenergy release

timescale at outer
Onset m’sphere?

higher lat aurora initiation with expansion in
latitude and longitude

a few

hours Peak v

continuing higher lat aurora, lower lat aurora
initiation

high energy plasma
appearance around

1-2 Declining Jupiter

rotations  higher lat aurora dissipation, continuing
lower lat aurora

Post-declining

remnant lower lat aurora N/




- Precipitation of high energy gas along maghetic fieid

L .. Energy transfer at equatorial region
= : ' time: a few-— 20 hours
' distarice: < 100 Jovian radii
Bursty brightening : ' ]
of aurora
expanding from mid-latit
to low-latitude

Release of energy

High energy plasma | | -

h lo’s volcapic gas Region far from Jupiter

tl‘a nSpO I‘ted tO |Cy vian radii at < 100 Jovian radii
moons!

plasma
irradiation Sf:EEREIEEES

May 23!




FUTURE PLANS




In-situ measurements at pole

In-situ measurement
(B, particle, wave)
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Auroral particle precipitation
Radial diffusion, w-p interaction
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High res auroral &=
imaging

Auroral
emission

HST
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Future: impact to icy moons

o JUICE: 2030-  asr e e

0 Europa Clipper: B et
mid 2020s? s o \

0 Explorers will .t.
flyby Europa
and orbit
Ganymede

0 Comprehensive
measurement
of surface
spectra,
magnetic field,
atmosphere,
and plasma

Europa Clipper (NASA) / (ESA-JAXA)



