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Point of this Talk

* The driving forces of Jupiter’s aurora (Io and strong rotation) are quite distinct
from those at Earth.

* None-the-less, auroral acceleration processes at Jupiter should be similar to
those at Earth. But we expect surprises!

* We observe three types of acceleration processes at Earth: upward current
region, downward current region, and Alfvenic acceleration.

» Jupiter’s three types of aurora is expected to have a mixture of these
acceleration processes, but may have unique characteristics.

* One needs to carefully scale the Earth and Juno observations to make
comparisons. Juno orbits at higher speeds than do Earth satellites and Jupiter’s
magnetic field is significantly stronger than Earth’s. These differences result in
different observational time scales.

* Studying acceleration processes with Juno observations will be very, very
interesting. Universal processes can be identified.
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Acceleration Processes at Earth
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Jupiter’s Aurora
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Downward Current?

Upward Current

Alfven Aurora

A.: O(100’s km) same
as at Earth.

p: O(1 km)

A.: O(10’s km) same
as at Earth.



Jupiter’s Aurora
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Acceleration Processes and Jupiter’s Aurora

/

Upward Current Region: Main Oval; Io Wake Region: Most
Polar Aurora

Alfven Aurora: Io Spot; Polar Aurora Boundaries; Dark Region?

Downward Current Region: Dark Region?
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Jupiter’s Main Oval: An Upward Current Region
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Jupiter’s Main Oval: Angular Momentum Transfer
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Jupiter’s Main Oval: Angular Momentum Transfer
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Jupiter’s Main Oval: Angular Momentum Transfer
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Jupiter’s Main Oval: Angular Momentum Transfer
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Jupiter’s Main Oval: Angular Momentum Transfer

Ray et al.
alters

conductance\

with energy
fluxes.

Hill et al. in
Black

Ray et al. in
red.
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Jupiter’s Main Oval: Angular Momentum Transfer
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Jupiter’s Main Oval: Upward Current Region

(1) Parallel electric fields (double layers).
(2) Perpendicular electrostatic shocks.
(3) Accelerated electrons.

(4) Anti-Earthward ion beam.

(5) Strong wave activity.

(6) Deep density cavity.

\
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Upward Current Region
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Upward Current Region: Magnetic Fields

About the same AB (East-West).

500 km; 10 s

Magnetic field deflections are
expected to be the same as at
Earth. The time scale will be
faster.
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Upward Current Region: Electric Fields
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Upward Current Region: Waves
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Upward Current Region: Waves
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Upward Current Region: Electrons
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Upward Current Region: Electrons

& e

Juno. May, 2015

21



Upward Current Region: Ions
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Integrated Electric Field and Ion Beam

 DC Electric Fields
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Upward Current Region: Density
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Alfven Aurora
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Alfven Aurora
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Alfven Aurora

The ionospheric resonator at Jupiter has a frequency of roughly
20 Hz (Earth is <1 Hz). The Doppler shift could be roughly the
same order.
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Acceleration Processes and Jupiter’s Aurora

/

Upward Current Region: Main Oval; Io Wake Region: Most
Polar Aurora

Alfven Aurora: Io Spot; Polar Aurora Boundaries; Dark Region?

Downward Current Region: Dark Region?
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Downward Current Region: Where is it?
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Downward Current Region: What to Look For

(1) Anti-Jovian accelerated
electrons: field-aligned and
broader energy.

(2) Strong wave activity

(3) Parallel electric fields
(double layers).

(4) Perpendicular electrostatic
shocks (diverging).

(5) Ion conics.
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Downward Current Region: Magnetic Field
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East —West DB indicates
downward current. Amplitudes
should be similar.

Magnetic field deflections are
expected to be the same as at
Earth. The time scale will be
significantly faster.
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Downward Current Region: Electrons

FAST ORBIT 5938

Log eV/
cm?-s-sr-eV

Log eV/
cm?-s-sr-eV

Log (V/m)?/Hz

-11

116:16 :16:18 :16:20

116:22
Time (UT) Minutes from 1998-02-21/08:16:16

& e

777

—_
o

(o))

Log eV/
cm?-s-sr-eV

About the same

Anti-Jovian, field-aligned
electron beams. Broad
energy.

Juno. May, 2015

33



Downward Current Region: Waves
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Downward Current Region: Ions
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Downward Current Region: Electric Fields
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Conclusions

Main Oval/lo Tail: Upward Current Region

(1) East-West Magnetic Field

(2) Electrostatic Shocks (Converging)

(3) Accelerated Electrons. Nearly mono-energetic with broad
pitch angles.

(4) Anti-Jovian Ion Beams

(5) Density Cavity?

(6) Strong Wave Activity.

(7) Parallel Electric Fields.

Ion Spot (if we are so lucky): Alfven Aurora

(1) Strong Magnetic Field Fluctuations

(2) Strong, Spiky Electric Fields

(3) Bi-Directional Field-Aligned Electrons (Broad Energy)
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Conclusions

Somewhere: Downward Current Region

(1) East-West Magnetic Field

(2) Anti-Jovian Accelerated Electrons. Field-aligned with broad
energy.

(3) Strong Wave Activity. VLF saucers.

(4) Ion Conics

(5) Electrostatic Shocks (Diverging)

(6) Parallel Electric Fields.

Polar Cap: Alfven/Upward/Downward
(1)AIl of the Above.
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