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MI linear growth rate for the arbitrary 
distribution function
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Mirror waves are found in:Mirror waves are found in:

• Ring-current plasma
• Earth’s magnetosheath
• Planetary magnetosheaths
• Cometary comas
• Wake of Io
• Solar wind
• Laboratory plasmas (teta-pinches)



Solar-Terrestrial InteractionsSolar-Terrestrial Interactions



CLUSTER MISSIONCLUSTER MISSION



Cluster satellitesCluster satellites



GalileoGalileo



VegaVega
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Perpendicular plasma pressure balance
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Flattening of the velocity distribution 
function

movie




NL effects associated with trapped 
particles

NL effects associated with trapped 
particles
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Adiabatic part of the pressure 
peturbation
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Quasi-Hydrodynamic part
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distribution function



NL MI dispersion relation near 
the saturated state
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The model equation (in the 
dimensionless form) 
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NL growth rate 

1/4 1/41/2
2 2

1/2 1/2

1/2
1/2 1/2

2 3[ 1
3 2

15(1 ) ]
2 8

T
NL i

b k v T
A k

T

T b
T

γ β ρ
β

β β

⊥ ⊥
⊥ ⊥

⊥ ⊥

⎛ ⎞
= − −⎜ ⎟

⎝ ⎠

⎛ ⎞−
− + − ⎜ ⎟⎜ ⎟

⎝ ⎠



Maximum growth rate
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General case
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MI growth rate
(K=0.1, h=-0.005)
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MI growth rate
(K=0.5, h=0.05)
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MI growth rate
(K=0.8, h=-0.05)
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ConclusionsConclusions

• The main nonlinear mechanism responsible for mirror 
instability saturation is associated with modification 
(flattening) of the shape of the background ion distribution 
function in the region of small parallel particle velocities.

• The NL mode coupling effects are neglected here as 
corrections of the higher order of smallness. 

• In the NL regime the MI dispersion relation becomes of 
the second order in frequency. One of its roots is found to 
be growing.

• In the course of the NL saturation the mirror mode spatial 
scales are cascading into the large spatial scales.  
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