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MI linear growth rate for the arbitrary 
distribution function

MI linear growth rate for the arbitrary 
distribution function
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Notations - arbitrary velocity 
distribution function
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Notations – Bi-Maxwellean
distribution
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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
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THEMIS observations



Perpendicular plasma pressure balance
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Flattening of the velocity distribution 
function



NL effects associated with trapped 
particles

NL effects associated with trapped 
particles
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Adiabatic part of the pressure 
peturbation

1/2
2

1/22 2 2

3 1ad

T

p T bp
k v T tb

δ ⊥ ⊥
⊥

⎛ ⎞ ∂
= ⎜ ⎟⎜ ⎟ ∂⎝ ⎠

1 / 2*

C o n tra ry  to  th e  lin e a r lim it  
in  th e  N L  re g im e  th e  e x p an s io n
p a ra m e te r /k  is  n o w  re p lac e d  

b y /k /k

T

T

v

v v b

ω

ω ω
⊥

=



Quasi-Hydrodynamic part
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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 
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Maximum growth rate
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General case
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MI growth rate
(K=0.1, h=-0.005)



MI growth rate
(K=0.5, h=0.05)



MI growth rate
(K=0.8, h=-0.05)

MI growth rate
(K=0.8, h=-0.05)



Basic nonlinear equations
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Reduction of the kinetic equation
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Particles with different magnetic moments can 
be decomposed into distinct populations 

2 2
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1

. μ>μ ,  where 4m / . This is 

the adiabatic case. 
ii. μ<μ ,  Linear approximation is applied. 

i B k bγ



Adiabatic invariants
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Distribution function 
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NL pressure variation 

2 1 / 2

0

2 2 2
1 0

2

(1 ) ( )
2 2 2

w h e r e  = / 8 /

a n d
= 2 - 2 e e - 2 e

T

T

p Tb bb
p T k v

B T k v b

α α α

δ π γ α

α μ γ

α α

⊥

⊥ ⊥

⊥

⊥

− − −

= + − − Φ

=

Φ −



Nonlinear evolution  

1

The transition from the linear to 
NL regime arises when / .
Then NL evolution has explosive behavior.
The explosive dependence is arrested and 
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Temporal evolution



Stationary state



Saturated state  
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Total plasma pressure
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Nonzero electron temperature 
effects
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Nonlinear pendulum
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Linear approximation
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Saturated state
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Variation of total pressure in the presence of 
NET
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ConclusionsConclusions

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

• The MI initially produces a depression in the magnetic 
field that has an explosive behavior as it was predicted 
before.

• In the course of NL saturation the mirror mode evolution 
ends with formation of cnoidal waves or solitons.  



Nonzero electron temperature (NET) 
effects

• The MI threshold is enhanced in the 
presence of NET effect

• The transition from the linear to nonlinear 
regime occurs for smaller amplitudes

• NET effect results in a weak decrease of the 
spatial dimensions of the holes and in the  
decrease of hole  depth
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