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Topic of this
presentation

y

e Discuss the various pieces of evidence for plasma
cycles in gas giant magnetosphere
e Show the modelling effort at IRAP

e Through the prism of the Jovian magnetosphere



Jovian
magnetospheric
plasma cycles:
evidence

e "Internally-driven" plasma cycle
e "Solar-Wind-driven" plasma cycle



"Internally-driven"” plasma cycle
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"Internally-driven" plasma cycle

Plasma Radial Plasma
: source transport loss

b Neutra; torus :

marie.devinat@irap.omp.eu



"Internally-driven" plasma cycle
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"Internally-driven" plasma cycle
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"Internally-driven” plasma cycle
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& "Solar-wind-driven" plasma cycle ?

N

At Jupiter: hints towards Solar-wind driven cycle
Polar ionosphere

Dungey cycle at Earth
Wang et al. (2023)
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& "Solar-wind-driven" plasma cycle ?

How deep can the solar wind influence penetrate inside the

Jovian magnetosphere ?

Observations of inner asymmetries
in the Jovian magnetosphere...
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System, physics, assumptions
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Fundamental local equations

\

Integrate over a flux tube M, W, Q
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"Internally-driven”
cycle model
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§¥'Internally-driven” transport equations
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=

Steady-state

Mass
transport

Angular momentum
transport
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Application to Jovian data
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y lo source and temporal variations
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"Solar-Wind-driven”
cycle model
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$ Solving for currents and electric field

L —
(2-fluid)

Equilibrium state:
subcorotation equilibrium computed previously

\ Linear, first order decomposition
e Electric field E
e Electrostatic potential @

e Current j \ . .
) Explicit solutions

e (magnetospheric plasma
(mag pl .+ ;D Current-voltage
ressure, veloci \ s
P Y relationship
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Solving for currents and electric field
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& Electrostatic potential equation

/

lonospheric current Magnetospheric current
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Comparison to observations
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Conclusions and
perspectives

y




Summary and ways forward

» The Jovian magnetospheric plasma cycle is the combination of a
rotation driven transport and an asymmetrical convection in the
outer regions

o We model axisymmetrical transport based on a quasi-linear
approach

> We model asymmetrical convection as a first order departure
from the symmetrical equilibrium

-

7

.7~ Y<.-7 A Consistently combine both approaches to describe non-

axisymmetrical outward transport
14
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Backups




$ Plasma cycle in Earth magnetosphere

-

N\ S
At Earth
Dungey cycle & modulations, Response to temporal
solar-wind driven variation well
—— e described

” 00
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Senior et Blanc (1984)
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Internally driven cycle
model : detalils
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Steady-state
Constant mass flux

Angular momentum
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Jovian model
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Kronian

Steady-state

Mass transport: plasma source Angular momentum transport
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"Solar-Wind driven”
cycle

Numerical application ////
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Input parameters
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Contributions
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