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INTERCHANGE INSTABILITY INJECTION

Density instability at outer planets driven by
the centrifugal force

Many instability names in literature:

= Rayleigh-Taylor-like, Interchange, Centrifugal,
Injection, Ballooning-mode, Gravitational, Flute,
etc...

Comparable to

= Ballooning-mode instability in Earth’s
plasmasheet/magnetotail

Spread-F and Equatorial Plasma Bubbles in
Earth’s ionosphere




SATURN

e Rotates CCW )
e Dipole points from N to S
e Convection E from dawn to dusk -

Mégnetosphefic Dynamics

Dungey Cycle Vasyliunas Cycle
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Only some events are seen across all plasma instruments.

Why!?

Occurrence

&
= No preference in LT or Radial distance &

Eligible for Comparison

= Minutes long duration

= Magnetic enhancement or depression used as event start/stop (Lai et a. 2016)
=  Azari et al.2018 (MIMI) signatures have similar start and stop.
= Kennelly et al. 2013 (RPWS) and Chen & Hill 2008 (ELS) have similar start and stop, often

MN=121/262
Eligible for Comparison

Zf/teer:t is identified in Lai et al. 2018 (MAG) and Azari et al.2018 (MIMI). . 160 ,c?
®  Could cause lower bound in number of identified events. ‘*“Nsi';;ﬁ Eligible for Comparison 7;.-“
T
% 3
= Clean, magnetic signatures of flux tubes w/ particle signature content : &
= All electrons/ions have dispersion — events are not extremely young. d S ” 3
= Some can be bubbles, most are more likely to be morphologically fingers La?@tal’. (.29;2.

®  Wave signature is variable. , ,
Figure from Azari 2018
= Some events have mixed intermediate temperature (not hot injection or cold thermal

background) electron content Comparison limited by latitudinal and radial extent of surveys.

Instrument availability and resolution also creates limitation.



Categorizing Common Events

Using ELS Instrument

Flux tube w/ muddled Mixed Origin Electrons  Flux tube w/ Clear Origin Electrons
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¢ JICAPS-ELS AFA (150-180°)

104

Flux Tube Flux Tube

o 10
s

‘Filled’ ‘Empty’ ﬁ
= Mixed electron population (cold = Clear enhancement of hot injection
thermal background + hot and lack of cold thermal
injection) background electrons
= Pitch angle dependence = Pitch angle dependence
= Hot injection electrons
(1-25 keV) show more Event mixes within the flux
dispersion ~—— tube as it gets older,
L . maintaining structure
= Hot injection ion signatures
show more dispersion _
m  |ess wave activity = More wave activity
=  Clear magnetic enhancement = Clear magnetic enhancement w/

more dramatic flux tube walls

= Tend to be shorter = Tend to be longer

Energy [keV]
Energy [keV]
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Can We Look At Wave Signature To Understand How Particle Content Is

Evolving With The Environment!?
dropout
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Can We Look At Wave Signature To Understand How Particle Content Is

Evolving With The Environment!?

dropout

RPWS L/w-Rate Complete

= 249 events in Kennelly et al. 2013 extended from to 430 events by
Dr. George Hospodarsky (Univ. lowa)

=  Wave events identified by lowering of the Upper Hybrid

Combined Eleciric
Frequency (Hz)

= Events checked if they have:
- Enhanced Electron-cyclotron harmonics (ECH)
- Enhanced Chorus
- Enhanced Upper Hybrid (UH) (at the lowered frequency)

dB Above 10% Background

- Drop out of low-frequency activity. is §
iz =
Eg £
5 X
8" g
p
11:00 11:20 11:40
Ry 8.469 8.614 8.759
Lon 344,910 355.030 5.183
Lat 0.371 0.369 0.366

LT 0.155 0.231 0.305
L 8.469 8.615 8.760
2005-10-30 (303) 9:54 to 12:54



In addition to

WBVE types in event
RPWS I1J List [

dropouts,

% of events
=10 | 510 min
>10 | 510 | 45 SO

Wave Signatures Of Interchange Events

= Lack of wave events in Dawn segment

waves
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- asas dropouts = Most events have duration of 1.5 — 5 (49.3%) or 5 — 10 minutes (24.7%)
= Most wave types do not have a latitudinal preference (except: Chorus)
n — = ECH enhancements are often seen with:
755 = UH enhancements ... strongest occurrence rate location is similar,and decrease as we go to increase in
| 943 | radial distance
Low f dropout
= No significant trend with Chorus enhancements .
=z Chorus
| uw All Events <1.5 min [.5-5 min 5-10 min > 10 min
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00 12
No additional

3.0

25

2.0



Waves Across Comparative Magnetospheres

Injection Events at Saturn

Beautiful multiple harmonics, Magnetic equator, fall off rapidly Dominant source near equator
up to n=9/2 bands beyond 8Rs. Decrease at Enceladus outside plasmapause 4 <L <7
ECH torus. Peak at L ~ 7.5
Lower + Upper band containing Lower band, 4.5 <L <75 4<L<9 for lower band, 3<L<7
two times more power between 5 < lat < 10, concentrated for upper band
Chorus night side but power is about the
same all LT

=  Open question for low-frequency dropout.

= Could ECH dependence be based on injection tubes M’ or ‘Non-trapping’ electrons!’
Dispersion on Perpendicular + Field Aligned

Dispersion on Field Aligned
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‘FILLED FLUX TUBE’

MIXED ORIGIN ELECTRONS

2005-12-24 16:28:15 to 16:30:20

CAPS-ELS (5 Pitch-Angle Bins)
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Particle Evolution In Flux Tube Outside event — s Outside event

Clear Origin Flux Tube Mixed Origin Flux Tube
"Empty’ 'Filled’

| —100 — Towards Pancake (90 degrees) — Not much PSD evolution
eV — Lower PSD — — Lower PSD —
100 eV — Towards Pancake (90 degrees) — Not much PSD evolution ... Slight PA 135 going towards 90
— | keV — Same PSD —
— Same PSD —
> | keV — Isotropic (slight Cigar) — Not much PSD evolution
— Higher PSD — — Same PSD (Higher PSD for |-2 keV) —

Wave growth at PA [35
"  Which different PSD can be causing the low-frequency dropout!?

= ‘Empty’ vs ‘Filled’ flux tube is not dependent on injection tubes ‘M’ or ‘Non-trapping’ electrons ...
.. Age... ... Flux tube content ...



Cross-Disciplinary Approach

Confirming IlJ particle behavior

Kinetic Modeling w/ HEIDI

Equatorial Density in [cm™3] (HZ.) at T = 00:05h

2.082
1.850
-1.619

-1.388

- 0.925

- 0.694

o 0.463
0.231

0.000

-1.157 |

cm™?

e Earth-based Inner Magnetosphere model
Hot Electron lon Drift Integrator (HEIDI)

2 4 1L (r2 () ) + 2 ((28) g)s L2 (vE (£) )

at  RIZaR, dt agp \\dt VE 8E dt

New features (Verified)

e Coupled with Space Weather Modeling
Framework (SWMF) Global
Magnetosphere (BATS-R-US) Model

o #PLANETS command loads outer-
planet parameters

e [[J-representative localized injection
feature to observe drift

e Solves for the Ring Current distribution

oo (1 (3810)= (31

Working features

e Physically representative
background from moons as
a source term

e Centrifugal force as a loss
term

e Waves as a source/loss
term

15



Confirming IlJ particle behavior

e Earth-based Inner Magnetosphere model

Kinetic |\/|Ode||ng W/ HEIDI Hot Electron lon Drift Integrator (HEIDI)

n [nPa] (Hi) at T = 00:00h

New features (Verified)

e Coupled with Space Weather Modeling
Framework (SWMF) Global
Magnetosphere (BATS-R-US) Model

e #PLANETS command loads outer-
planet parameters

e [IJ-representative localized injection
feature to observe drift

o (5 2)0) H(0) el

e Solves for the Ring Current distribution

1

oo (1 (3810)= (31

Working features

e Physically representative
background from moons as
a source term

e Centrifugal force as a loss
term

16



THANKYOU ©

All commentary and thoughts are appreciated!

hathawae@umich.edu
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Occurrence Rate (Events/hr)

Event Count

SC Time Spent (hrs)

RPWS Summary: ALL_EVENTS (L_shell vs Latitude_deg)

Top: Occurrence Rate, Middle: Event Count, Bottom: SC Time Spent
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