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Why is dusk so diffuse and variable? What’s
the response to internal and external drivers?



Saturn’s Main FAC Systems

Subcorotation:

Planetary Period Oscillation Systems:

 FAC structure driven by flow shear
in plasma

* Axially symmetric within ~8Rs

(Hunt et al., 2014)

Axially asymmetric

Rotating with periods of
10.8hrs (north) and
10.7hrs (south)
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Cassini’s Proximal Orbits

* Dataset from the final 22 orbits of
Cassini, referred to as the ‘Proximal’ or
‘Grand Finale’ orbits
(a)
 Each orbitis similarin trajectory,
inbound/outbound passes in
northern/southern hemispheres
respectively

* Data segment sweeps through FAC
regions covering 16-22hr LT over ~2
hours (orange lines)

 Dawn FAC crossing published (Hunt et
al., 2020)
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lonospheric Current Calculation
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(Hunt et al., 2014)

* Using Ampere’s law, we determine Algorithm developed to automatically determine current

the ionospheric meridional current: sheets from Cassini MAG B, measurements (red line)
B i : :
I, =— PPe * Current density (grey boxes) determined via:
Ho
. ALy,
: . 1l = :
* Gradients indicate FAC presence . RZsin(6;)A0;
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Splitting Dataset into Two LT Sectors
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lonospheric Current Profiles
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FAC Position Distribution

--- Pre-Dusk Current Sheet Distribution ---
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Upwards and downwards field-aligned currents
are identified by the algorithm for all 22 orbits. 7 N

=
o
L

Bin Count

* Pre-dusk: upwards FACs 2.1x more frequently 0 F -
observed across a wider colatitude range

-

--- Post-Dusk Current Sheet Distribution ---

25 [ Total Counts [ Total Counts
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* Post-dusk: upwards FACs 1.6x more frequent, 20 —
reduced colatitude range 2 |
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FAC Magnitude Distribution
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Modelling Current Contribution

FAC Structure Reminder
Subcorotation:

Meridian View Q

Developed an empirical model for PPO-driven variability in |, using Provan et al.,
2018 PPO phase models
--- Orbit 280 --- --- Orbit 286 ---
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Modelling Current Contribution

Developed an empirical model for PPO-driven variability in |, using Provan et al., FAC Structure Reminder

2018 PPO phase models
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Modelling Current Contribution

Developed an empirical model for PPO-driven variability in |, using Provan et al.,

2018 PPO phase models
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Modelling Current Contribution

Developed an empirical model for PPO-driven variability in |, using Provan et al.,

2018 PPO phase models

--- Orbit 280 ---
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Modelling Current Contribution

FAC Structure Reminder
Subcorotation:

Developed an empirical model for PPO-driven variability in |, using Provan et al.,
2018 PPO phase models
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Modelling Current Contribution

Developed an empirical model for PPO-driven variability in |, using Provan et al.,

Southern lonospheric Footprint (°)

2018 PPO phase models
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Modelling Current Contribution

Developed an empirical model for PPO-driven variability in |, using Provan et al.,

22.5

2018 PPO phase models
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Modelling Current Contribution

- Orbit 271 - FAC Structure Reminder
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* Model doesn’t consistently fit, small-scale variability not PPO driven
* Comparable peak location and magnitude contributions from PPO systems and subcorotation:
» nPPO-0.9MArad™ at 19.5°
» sPPO-0.8 MArad™ at 20.5°

» Subcorotation - 0.8 MArad at 19.5° : ,
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FAC Response to Compression Events
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Conclusions

1. Broad and filamented current sheets observed in southern dusk sector,
consistent with UV auroral structures.

2. North/south PPO systems contribute similar amounts of FACs to the
southern hemisphere and have same peak magnitude and location as the
sub-corotation currents.

3. Derived average sub-corotation current profile suggests weaker poleward
FACs than at northern dawn, possibly due to weaker flow shears.

4. Upward FACs more common and stronger magnitude than downward at
dusk, may be related to a nightside partial ring current.

5. lonospheric currents and filamentation are enhanced during
compressions. Super-corotation is observed in final pass.
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Backup 1: PPO Phase Deviation & Magnitude
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Backup 2: UVIS-MAG plots
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